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CERVICAL ESOPHAGOGASTRIC ANASTOMOSIS FOLLOWING 
SURTOTAL RESECTION OF THE ESOPHAGUS FOR CARCINOMA* 

Robert H Wylie, M D , and Edgar L Frazell, M D 

New York, N Y 

FROM THE DEPARTMENT OE SURGERY COLUMBIA UNIVERSITY , 

FIRST SURGICAL DIVISION OF BELLEVUE HOSPITAL 

In 1942 Churchill and Sweep reported the resection of the lower esoph- 
agus and used esophagogastric anastomosis for restoration of the continuity of 
the alimentary tract In the same year, Wookey- demonstrated a technic for 
resection of the cervical esophagus The entire intervening thoracic esophagus 
has now been shown to be accessible to treatment by surgical resection and 
esophagogastric anastomosis 

Garlock and Sweet demonstrated that the principle of esophagogastric 
anastomosis could be utilized for resection of tumors in the midthoracic 
esophagus by means of a supia-aortic anastomosis More recently Garlock 
and Sweet have described technics for removal of the superior segment of the 
thoracic esophagus and have employed esophagogastric anastomosis m the 
cervical region 

Since the technic that we have used for resection of a carcinoma of the 
junction of the thoracic and cervical esophagus differs somewhat from those 
previously described, the following case is presented with a follow-up of nine 
months to demonstrate that this is a worth-while procedure from the point of 
view of palliation if not a cure 


case report 

C D (Bellevue Hospital No 1731248), a 68-j'eai-old unmarried magazine salesman, 
was admitted to Bellevue Hospital on April 6, 1948, with a chief complaint of regurgi- 
tating all fluids and food during the three previous days The patient had had no com- 
plaints until two and one-half months before his admission, when he noted that solid 
food stuck m the upper part of his chest and he began to regurgitate his food two or 
three minutes after ingestion There Yvas no nausea and the food returned as taken, mixed 
with saliva There Yvas no blood in the regurgitated material During two months prior 
to his admission the patient lived on a strictly self-imposed liquid diet He finally came 

Given at the Joint Meeting of the Philadelphia Academy of Surgery and the New 
Y'ork Surgical Societi, Wednesdav, March 9, 1949 Submitted for publication, Februarj, 
1949 
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into the hospital when for three days it had 'been impossible for him to^s'wallow fluids 
without regurgitation There had been no pain or cough There was a lo-pound weight 
loss The family history was significant in that a brother and sister had died of cancer 
he had smoked six cigars a day for many years and drank moderately but regularly 
of beer and wine The only serious illness he suffered in the past was jaundice 30 years 
previously There was no history of venereal disease 

Physical examination revealed a thin, elderly man in no acute distress The neck 
veins were distended and there was nodular enlargement of both lobes of the thyroid 
The trachea was m the midline There was no lymph-node enlargement The chest was 
emphysematous with increased A P diameter The lungs and heart were not remarkable 





Fig I — Complete obstruction of the esophagus due to carcinoma 
in the superior mediastinal segment 


The blood pressure was 110/78 The prostate was symmetric but twice the normal size 
Fluoroscopic and roentgenologic examination after a swallow of barium showed a com- 
plete obstruction of the esophagus at the level of the first rib (Fig i) Esophagoscopic 
examination levealed a stenosing lesion of the upper esophagus, a biopsy of which was 
reported as a squamous-cell carcinoma Bronchoscopy was negative 

The day after his admission, the patient was able to take fluids cautiously without 
regurgitation by the oral route He was prepared for operation using a high protein 
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carbohydrate mixture with vitamins Under the regimen he was able to gam back two 
pounds in the two weeks before operation 

Operation On April 26, 1948, the operation was performed under intratracheal 
cyclopropane anesthesia in the right lateral recumbent position A posterolateral incision 
was made over the course of the left seventh nb, curving upward at the lateral border 
of the paraspinal muscles The seventh nb was removed subperiosteally from the cartilage 
anteriorly, to the transverse process posteriorly A i-cm portion of the neck of the 
sixth nb was also excised to facilitate a more adequate opening of the chest The parietal 
pleura was incised through the bed of the seventh nb and the thorax was widely opened 
with a nb spreader 

After exploration of the mediastinum for metastatic nodes, which were not encoun- 
tered, an incision was made in the mediastinal pleura along the superior border of the 
arch of the aorta, curving upward posterior to the subclavian vessels to the dome of the 
thoracic cavity Here the tumor of the esophagus could be felt as a hard, regular mass 
approximately 5 cm in length extending upward into the base of the neck At this 
point resection was decided upon The mediastinal pleura was incised from below the 
arch of the aorta to the diaphragm The esophagus was mobilized and dissected free from 
the mediastinum from the diaphragm to the arch of the aorta The vessels from the 
aorta were secured by ligature and as much of the mediastinal lymphatic tissue as possible 
was removed with the esophagus The arch of the aorta was mobilized at this point by 
ligature and division of the upper three intercostal arteries to facilitate the dissection of 
the esophagus m this region and to allow for future passage of the stomach through this 
area After dissection of the esophagus from beneath the arch of the aorta, avoiding the 
recurrent laryngeal nerve, the dissection was then carried above, about the tumor and 
into the base of the neck At this juncture the thoracic duct was encountered posteriorly 
in close proximity to the lower border of the tumor It was doubly ligated and divided 
The dissection was carried out well into the neck above the tumor, first by sharp dissec- 
tion and then by finger until the operator’s finger could be felt in the neck at the level of 
the cricoid cartilage 

With the completion of the dissection of the esophagus within the chest, the diaphragm 
was widely opened from the esophageal hiatus laterally in the direction of the muscular 
fibers The phrenic nerve was not disturbed except as its branches were severed in 
incising the diaphragm The greater curvature of the stomach was freed by incising the 
gastrolienal ligament, with ligature and division of the vasa bievia and the left gastro- 
epiploic vessels as far from the stomach as possible The gastrocolic omentum was then 
completely incised to the pylorus, taking care to preserve the right gastro-epiploic vessel 
on the stomach The stomach at this point was held up to allow dissection and ligation 
of the left gastric vessels at the coeliac axis The gastrohepatic ligament was incised 
from diaphragm to pylorus well out from the lesser curvature of the stomach to presei ve 
all anastomotic branches of the left gastric artery In order to mobilize the duodenum 
more freely, incision of the peritoneum was made along its right lateral border After 
thus freeing the stomach and duodenum, the stomach could be brought well up into the 
chest, and the pylorus could be brought up to the diaphragm without tension 

A small Payr clamp was placed across the cardiac orifice of the stomach, and the 
stomach was incised distally Closure of the stomach was then carried out with an over- 
and-over continuous suture of chromic catgut as the stomach was cut An inverting layer 
of interrupted 3-0 silk completed the closure of the stomach The distal end of the 
esophagus was closed bj’’ purse-string suture, covered and tied securel}^ within a rubber 
glove A jej unostomy of the Witzel type \ras next performed at a distance of about 
20 cm from the ligament of Treitz, using a small catheter which was brought out through 
a stab wound made through the rectus muscle in the left upper quadrant The esophagus 
was drawn above the arch of the aorta and preparation was made for incision in the neck 

The left arm vas raised upward and suspended so as to allow access to the left neck 
Incision was made along the anterior border of the sternocleidomastoid muscle, which 
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was retracted laterally The left lobe of the thyroid was enlarged and nodular A hemi- 
thyroidectomy was performed because it was felt that its size would definitely interfere 
with the intended anastomosis By incising medial to the carotid sheath and mferiorly, the 
dissection plane of the esophagus was entered The esophagus was drawn up into the 
neck wound and mobilized to the level of the thyroid cartilage The stomach was then 
brought up beneath and to the right of the aorta and passed up into the neck through 
the aperture once occupied by the esophagus The stomach thus lay in the normal position 
of the esophagus (Fig 2) The apex of the stomach, which was a point on the greater 
curvature above the region of the gastrolienal ligament, was fixed by means of interrupted 
4-0 silk to the prevertebral fascia of the cervical vertebrae A row of interrupted mat- 



Fig 2 — Diagram to show the position of the 
stomach in the thorax The aorta has been mobil- 
ized by division of the upper three intercostal 
arteries 


tress sutures was placed between the anterior wall of the stomach and the posterior wall 
of the esophagus A vertical incision was made in the stomach, 3 cm in length The 
esophagus was cut through, leaving the proximal cut surface for anastomosis Through- 
and-through interrupted sutures of 4-0 silk were used to effect an anastomosis, these 
sutures going through all layers of both organs Before closure of the anastomosis a 
Levin tube was passed through and drawn well down into the stomach A supporting 
row of interrupted serosal sutures were placed anteriorly The anterior surface of the 
stomach below the anastomosis was drawn cephalad and sutured above the anastomosis 
to the fascia on the thyroid cartilage and the under surface of the sternocleidomastoid 
muscle The cervical wound was closed in layers about a small Penrose dram (Fig 3) 
The stomach within the chest was fixed by interrupted sutures to the aperture at the 
base of the neck and to contiguous mediastinum down to the diaphragm, which was 
closed about the prepyloric area with interrupted silk Through the eighth interspace 
in the axillary line a large fenestrated tube was introduced into the chest as a dram The 
chest was closed in layers with interrupted silk sutures The operative procedure con- 
sumed SIX and one-half hours, during which the patient received 2,000 cc of blood and 
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1,000 cc of 5 per cent glucose m saline for support His condition throughout the pro- 
cedure was satisfactory 

Pathologic examination of the resected esophagus was as follows Macroscopic 
examination The resected portion of esophagus measures 2i cm in length The prox- 
imal portion contains a firm, annular tumor, 4 cm m length, which invades the wall of 
the esophagus and the ad3acent connective tissue The slitUke lumen measures i by 5 cm 
and is not covered with mucosa There is i cm of grossly normal mucosa proximal to 
the lesion, but the tumor appears to extend to the line of surgical excision m the esoph- 
ageal wall and the adjacent connective tissue 



Fig 3 — Schematic drawings of an esophagogastric anastomosis 111 the 
neck (A) Fixation of the apex of the stomach to the prevertebral fascia 
and a row of sutures between the posterior wall of the esophagus and the 
stomach (B) Supporting sutures placed following anastomosis (C) Com- 
pleted anastomosis 


Microscopic examination Sections from the cardia show normal esophagus Sections 
taken through the anterior wall of the esophagus, containing tumor, show normal strati- 
fied squamous epithelium, with the normal underlying wall from the distal portion of the 
esophagus merging into an area of ulcerated mucosa The underhung wall in this area 
IS invaded b\ stratified squamous epithelium growing m cords and sheets Pearl formation 
is frequent The proximal portion of the esophagus iS co^ered with normal-appearing 
stratified squamous epithelium for a short distance Sections of the thyroid re\cal 
multiple adenomata 
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Pathologic diagnosis “Squamous-cell carcinoma of esophagus — adenomata of thyroid ” 
Postoperative Course Between the second and the fourth days postoperatively, the 
patient had difficulty in raising bronchial secretions and developed several areas of atel- 
ectasis in the right lower lung field This was controlled by means of vigorous and 
persistent tracheobronchial aspiration The left lung remained well expanded and the 
chest tube dram was removed on the fourth day Feedings were started through the 
jej unostomy catheter on the second postoperative day, and on the fifth, the nasogastric 
tube was removed Fluid was then started cautiously by mouth On the tenth day the 
patient was taking a six-f ceding diet without difficulty and the jej unostomy tube was 
removed At first, only small amounts of food could be eaten because of epigastric pain. 



Fig 4 Fig s 

Fig 4 — The pylorus is shown immediately below the diaphragm Note the straight- 
ening of the duodenal curve 

Fig 5 — A roentgenogram following a swallow of barium shows free flow through 
the esophagogastric anastomosis in the cervical region 


which ensued if the intake was too large At the time of his discharge on June lo, 1948, 
the patient vas beginning to gam weight and was eating without any discomfort His 
stay m the hospital was prolonged by the complication of urinary retention, due to the 
benign hypertrophy of the prostate Roentgen examination two days before discharge 
revealed evidence of esophagogastrostomy with the proximal fourth of the esophagus 
anastomosed to the stomach No interference to the passage of barium through the site 
of anastomosis was noted (Figs 4 and 5) 
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Follow-Up One month after his discharge from the hospital and two and one-half 
months after the operation, the patient returned to his work as a magazine salesman, 
working from 9 to 5 daily except Sundays When he was last seen, nine months after 
the operation, he weighed 142 pounds, having gained 36 pounds since his discharge from 
the hospital His diet was not restricted and he had returned to his old habit of four 
glasses of beer a day and most of one bottle of Sherry wine on Saturday night There 
has been no regurgitation of food, and the only discomfort he feels is epigastric pain on 
the rare occasion when he eats too large a meal 


DISCUSSION 

In carcinoma of the junction of the supra-aortic thoracic esophagus and the 
cervical esophagus in which there is no demonstrable evidence of spread of the 
tumor as evidenced by palpable cervical lymph nodes, involvement of the 
recurrent laryngeal nerve or encroachment on the trachea by bronchoscopic 
examination, we believe exploratory thoracotomy is justified to determine 
operability Experience may demonstrate, however, that even m those cases 
that fulfill the above criteria, an initial exploration of the neck may be prac- 
tical m determining operability 

The decision to use the technic of resection and anastomosis described 
above was made during the course of the operation, as this method offered the 
most direct approach to the problem The mobilization of the stomach through 
the thorax m the normal position occupied by the esophagus seemed a more 
direct and natural position for the gastric esophagus than to the left of the 
aorta, where the route to the neck aperture was more circuitous The maneu- 
ver that was employed m this case of handing up the stomach through the 
neck by one operator m the chest wound to the other operator m the neck is 
not entirely satisfactory, but it was felt to be less traumatic to the stomach 
than using some method of suture to the esophagus for pull through after 
closure of the chest It had been planned to remove the medial portion of 
the clavicle and part of the first rib to give a better exposure for the anasto- 
mosis, but m this particular case this procedure did not seem necessary, 
possibly because the large left lobe of the thyioid had created a greater space 
than usual m this area of the neck 

The performance of a jejunostomy at the time of operation is probably 
superfluous when it has been unnecessary as a preoperative means of establish- 
ing better nutrition However, it did provide a good means of keeping up 
nutrition postoperatively during the six days before it was deemed wise to 
allow food by mouth 


SmiMARY 

A case of carcinoma of the junction of the thoracic and cervical esophagus 
IS presented with resection and esophagogastnc anastomosis 111 the left cervical 
region Follow-up of nine months is available on this patient to demonstrate 
the value of this procedure for palliation, if not for cure 

Note This patient is alive and veil 14 months after operation 
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0NE-STAGI2 BESEGTTON OF CARCINOMA OF THE 
CERVICAL ESOPlTAGUS-< 

WITH 

SUBPl I A R YNGE AL ESOl^l TA G OG AST R OSl^OM Y 

ItJOI^ORT OR A SUCCESSFUL CAS13 

Lyman A Brewer, Ifl, D 

JyOS A KOI MS, Cami 
INTRODUCTION 

SuiR.icAL FMiHPAiJON of caicinomA of the cci vital esophagus picsents a 
complex technical piohlem because of the difficulty in jnovidmg a suitable 
leplacement foi the resected esojihagus when extensive excision is nccessaiy 
In 1946, in the course of an ojieiation to lemove a supia-aoitic caitinoina of 
the esophagus, the authoi jiei foimed a coinjilete inobih/ation of the stomach to 
piovide an adequate cso]jhageal substitute When the esophagogasti it aiListo- 
mosis was made just tindei the dome of the pleuial tavity, an extess of fiom 
four to five inches of the gastric tube was available At that tunc it was 
ieali 7 ed that it was technically feasible to bung the stomach into the neck foi 
an esophagogasti 1C anastomosis Suite then, we have cxploicd a sm.dl numbci 
of cases of caicmoma of the cci vical esophagus with the intention of leplatmg 
the lesccted cei vital esophagus with the stomach It Wris not until Scptembei 
10, 7948, that an opciable case was found This tommunitation consists of an 
account of suigical pioblems encounteicd in a successful one-stage icsection 
of caicmoma of the cervical esophagus and a subphaiyngeal esophagog,is- 
ti ostomy 

Since 1884, various types of skin tubes h.ive been fashioned to icjilace the 
lesected cei vical csojihagus ’ ' When the tumor extends into the thoiacic 
cavity, it IS impossible to enqiloy the simjde tyjies of skin tubes The yeai 
1948 has seen a icncwcd inteicst in the tieatmcnt of caicmoma of the ccivicrd 
eso]ihagus Riickci and Ruifour’ devised a mulli-slage method of tiansjilant- 
ing a pedicled, skin-lined tube into the thoiax to icplacc the thoiacic, as well 
as the cei vical, portion of the resected esophagus Following the fiist success- 
ful lesection of caicmoma of the thoracic esojihagus with esophagogasti ostomy 
in this countiy by Adams and Phcmistci,'’ the soundness of the technic of 
bunging the stomach uj) into the chest to replace the lesected esophagus has 
been well pioved Sweep and Gailock^ have lepoiled this ycai the jiei foim- 
ance of a cci vical esophagogastric anastomosis in cases of high intLithoracic 
caicmoma of the esophagus Sweet resected the fiist 11b and clavicle with a 
successful lesult m two cases Gailock did not lesect the clavicle 01 iih, but 
lost his patient on the day after opeiation In 1948, O’Donnell,^' also, pei- 
foimcd a lesection of caicmoma of the cei vical esophagus with a simultaneous 
cervical csojihagogasti ostomy The ci icophaiyngeus muscle was seveied, with 
' Siibmitlcd foi iiiiblic.ition, Jimiarj, 1019 
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resultant regurgitation of gastric juice and subsequent pharyngeal ulcers As 
far as we know, O’Donnell’s and the author’s patients represent the only two 
reported cases of resection of the cervical esophagus, with one-stage esophago- 
gastrostomy 


CASE HISTORY 

W C , a S9-year-old carpenter, was admitted to the hospital on September 6, 1948, 
complaining of dysphagia of six weeks’ duration Food was regurgitated immediately 



Fig I — Preoperative upper gastro-mtestmal senes 
Irregular obstruction to the flow of barium in the cervical 
esophagus is seen approximately one and one-half inches 
above the clavicle The findings are typical of carcinoma 
of the cervical esophagus 


after swallowing and he felt an obstruction in his throat He was able to swallow only 
liquids, a sip at a time For 14 months, he had been confined to his home because of a 
polyarthritis involving the large joints and had lost 50 pounds in weight There had been 
an additional weight loss of 15 pounds during the six weeks before his admission Pre- 
viously he had been well except that a shell explosion had fractured his right wrist and 
jaw in World War I 

On examination, a very emaciated, elderly white male was seen who appeared to be 
chronically ill The skin was loose and dry Other positive findings included a barrel- 
shaped chest with limited expansion Fine rales were heard at both bases The heart 
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was normal and the abdomen was markedly scaphoid, with the liver edge felt 3 cm below 
the costal margin Limitation of motion and swelling of the large joints of the arms and 
legs were present No enlarged peripheral nodes were felt 

Roentgen barium study of the esophagus showed an irregular filling defect above 
the clavicle, typical of carcinoma (Fig i) On esophagoscopy, a friable tumor was found 
2 5 cm below the cncopharyngeus Biopsy revealed squamous-cell carcinoma, grade III 
No gross involvement of the trachea was found on bronchoscopy Laboratory studies 
showed hemoglobin, 87 per cent, red blood count, 4,490,000, white blood count, 9,500, 
polymorphonuclears, 56 per cent, lymphocytes, 36 per cent, mononuclears, 2 per cent, 
and eosmophiles, 6 per cent The N P N was 25 mg per cent , serum albumin, 4 per 
cent , and serum globulin, 2 7 per cent The urine showed a trace of albumin and rare 
leukocyte on stained smear The patient was placed on a 200 Gm protein, high-vitamin. 


/ 

n 



Sxi carotid art 
,.~Fup vhijroid ait siem 


l^etractintf thifroid qtand 
s- prelractieal musclef 


Constrictor pkarifnqeus - • 

\V 

Trachea r reciurent 
lari/nqeal nerve 


, Jm\T\ ' ’’ Stn/rad art , cut 

^ V' t N isophaaus and 

i M CMmor freed 


'd 


Fig 2 — The cervical esophagus has been exposed and freed from the trachea 
through an incision anterior to the sternocleidomastoid muscle 


3,000-calorie, low-sodium, liquid diet Three hundred thousand units of penicillin, i o 
Gm ot streptomycin, 1,000 mg of vitamin C, and vitamin B complex were administered 
intramuscularly daily 


OPERATIVE REPORT 

On September 10, 1948, the operation was performed After a pentothal induction, 
endotracheal ether-oxygen was used for maintenance A blood transfusion ivas started 
at the beginning of the operation and continued throughout, 2,000 cc being given The 
patient was placed on his right side and the left thoracic and cervical regions were 
prepared for operation A sterile stockinette covered the left arm, so that it could be 
moved to give greater exposure of the neck and chest (Fig 3A) An incision was made 
in the neck, extending from the angle of the jaw on the left down to the suprasternal 
notch After severing the platysma, the sternocleidomastoid muscle was retracted later- 
ally The inferior thyroid vessels were ligated and the carotid sheath retracted laterally 
Dissecting behind the thyroid gland, the trachea and the thj roid cartilage were identified 
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and the esophagus was found to be infiltrated with a hard, firm mass, obviously carci- 
noma By careful dissection, it was possible to free the esophagus from the trachea 
(Fig 2) Although cancerous tissue was m apposition to the posterior tracheal ivall, 
there was no gross involvement of the trachea The cancerous tissue extended down into 
the superior mediastinum A Penrose sheath dram was placed about the esophagus, which 
was involved with tumor tissue to approximately 2 5 cm from the cricothyroid pinch cock 
The chest cavity was opened through an S-sIiaped incision, centering over the sixth 
rib (Fig 3A) After severing the muscles of the back, the sixth rib was removed and 
the fifth and seventh ribs sectioned posteriorly and the seventh anteriorly An excellent 



Fig 3 — A Cervical and thoracic incisions are used The patient is lying on 
iis right side The left arm is covered with a sterile drape Mobility of the arm 
facilitates exposure of neck and thorax 

B Freeing of the thoracic esophagus above the aortic arch through the thoracic 
ipproach 


\iew of the entire pleural cavity was obtained Dissecting into the superior mediastinum, 
the cancerous tissue seemed to be limited to the esophagus, so that resection was decided 
upon (Fig 3B) 

The diaphragm was incised, starting at the hiatus and extending around to the 
sternal junction, making a curved incision The stomach was exposed and the mobili- 
zation of the stomach was begun by severing the vasa brevia The left gastroepiploic 
vessels were saved to preserve the blood supply to the stomach Reflecting the stomach 
forward, the coronary vessels were dissected out and ligated, exposing the left gastric 
artery and vein The smaller divisions of these vessels were sutured individually to 
prevent puckering of the lesser curvature of the stomach Further freeing of the stomach 
was performed, down to the duodenum, where adhesions binding the pylorus and the 
first part of the duodenum to the posterior abdominal wall were released to give the 
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mavimum mobilitj^ to the stomach The thoracic esophagus was exposed hy opening the 
inferior pulmonary ligament, reti acting the left lung mesially The inferior phrenic 
vessels and the segmental vessels from the aorta weie ligated The esophagus was then 
mobilized behind the arch of the aoita, taking care not to entei the right pleural cavity 
The esophagus was doubly clamped at the cardia with Payr clamps and divided The cut 
end of the esophagus was covered with a Penrose dram, which was ligated to prevent 
leakage of the esophageal contents The distal end of the esophagus was then turned 
into the cardia of the stomach and closed with two running layers of No o chromic, rein- 
foiced with interrupted sutures of fine silk The esophagus was then liberated to the 
point where the cervical esophagus had been mobilized This was done by ligating the 
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Fig 4 — The entire thoracic esophagus has been drawn up into the cervical wound 


esophageal branches of the infenoi thyroid artery The esophagus was then pulled out 
through the reopened cervical incision, which had been lightly closed with a few mattress 
sutures Keeping the left gastro-epiploic vessels on the left side and the lesser curvature 
on the right, the stomach was moved into the thorax It was brought up behind the arch 
of the aorta in the normal esophageal bed and thence to the dome of the pleural cavity 
and up into the neck 

The operation was then continued in the cervical region, and the entire thoracic 
esophagus pulled up into the cervical wound (Fig 4) We were pleased to find that it 
was possible to bring the stomach up to the level of the cricothyroid pinch cock Two 
small pieces of omentum had been sa\ed to reinforce the anastomosis A circular incision 
2 cm in diameter w'as made in the fundus of the stomach which w’as just below the 
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most cephalad portion of the stomach, and several bleeding vessels were ligated The 
stomach had a slightly bluish appearance, and was not as pink as we are accustomed to 
see it for an intrathoracic esophagogastric anastomosis This apical portion of the 
stomach was sutured to the esophagus just below its junction with the pharynx at the 
cricothyroid pinch cock We wished to preserve the pinch cock to prevent regurgitation 
of gastric contents into the mouth The anastomosis was then made with interrupted 
No 0000 silk, first uniting the posterior musculans of the esophagus to the serosa of 
the stomach The esophagus was then amputated and a careful circumferential layer of 
sutures was placed to unite the esophageal and gastric mucosae together (Fig SA) 
Anteriorly the musculans of the esophagus and the serosa of the stomach were then 



5 — A A careful three-layer open anastomosis of the stomach and esophagus is 
made with No oooo silk 

The position of the stomach in the thoracico-cervical region is shown diagram- 

matically 


approximated A few interrupted sutures were taken to make a third layer of closure, 
musculans to serosa , and the omentum which had been saved was further tacked to the 
anastomosis to reinforce it The stomach was then fixed to the cervical tissues with 
interrupted sutures of fine silk Penrose drains were inserted infenorly toward the 
superior mediastinum and superiorly to the region of the anastomosis The wound was 
closed in layers with intenupted fine silk, bringing together first the ribbon muscles of 
the neck, then the platysma and the skin The thorax was entered, and the stomach was 
sutured to the superior mediastinal pleura with interrupted silk sutures to seal off the 
thorax from the cervical region In fixing the stomach to the adventitia of the descending 
aorta, one suture struck a branch of the left gastro-epiploic artery and a hematoma, 2 cm 
111 diameter, developed in the gastrocolic omentum The bleeding stopped spontaneously 
The diaphragm was closed with interrupted silk sutures, imbricating with running No r 
chromic catgut The stomach fell posteriorly in the esophageal hiatus and was attached 
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anteriorly to the diaphragm with fine silk sutures Dramage tubes were left m the second 
and eighth intercostal spaces and connected to a closed water-seal drainage system The 
woimd was washed out with saline Because of the wide opening of the rib spreaders, 
the costal cartilage at the sixth and seventh chondral junction had been fractured, so that 
it was necessaiw' to repair this fracture with two sutures of heai^y silk Closure was 
effected using No l chromic catgut for the deep muscles. No ooo chromic for the 
superficial fascia and silk for the skm Despite the long, tedious operation (nine and a 
half hours), the patient was not in shock at the end of the surgery The blood pressure 
w'as 100/60, pulse lOO and respirations 22 Figure 5 shows diagrammaticallj’ the position 
of the stomach at the end of the operation 

The report of the pathologic specimen is as follows “The gross specimen consists 
of a resected segment of esophagus which measures 22 5 cm in length Near one 
extremity of the specimen the lumen is almost completely occluded by an annular 
carcmomatous tumor mass which measures 55 mm m length Section through this shows 
cellular, gra3nsh-pink tumor tissue infiltratmg through the thickness of the esophageal 
wall The mucosal surface abo^e this pomt is intact and pinkish graj"^ in color 

Histologic exammation of sections taken through the tumor mass described abo%e 
show^s that it is made up of irregular clusters and strands of epithelial cells of squamous 
tjpe These form occasional epithelial pearls There are frequent mitotic figures and 
hj'perchromatic nuclei Tumor cells are seen wuthm the lumina of small vascular spaces 
in the muscularis The diagnosis is squamous-cell carcinoma. Grade III, of esophagus ” 
Angus Wright, M D , Pathologist 

POSTOPERATIVE COURSE 

Oxygen w'as given per nasal catheter with CO2 inhalation every half hour till the 
patient w'as awake and then every 2 hours The patient was turned from one side to the 
other at two-hour mtenals Demerol in 50 mg doses was used for pain and he w'as 
placed in Fowler’s position as soon as he was awake and could cough Penicillin, 50,000 
umts, everv' 3 hours, and streptom3'cm, i o Gm daily, were administered, mtramuscularL 
A Levine tube was placed m the stomach and connected to a Chaffin-Pratt suction 
machine for 24 hours to prev ent regurgitation of stomach contents into the phar3Tix The 
anterior thoracic intrapleural drainage tube was clamped 4 hours after operation and 
100,000 units of penicillm in 30 cc normal saline were injected into the pleural cavity 
The clamp was released after 6 hours 

The temperature w'as 102° (rectal) , pulse, 120, and respirations, 28 on the first 
postoperative da3’’ The left lung v\as expanded and Signs of patch3’- atelectasis in the 
right lower lobe were present on the second postoperative daj By means of a rubber 
catheter, passed without anesthesia transnasall3’- into the right main bronchus, 10 cc of 
thick gluelike mucus were aspirated This procedure was repeated 5 times during the 
next tw'o days imtil the right lung was entirely clear The temperature fell to 100° 
(rectal), pulse, go, respirations, 22 on the third postoperative day, the drainage tubes 
were remov’-ed from the left chest and the patient was allowed out of bed Intravenous 
fluids consistmg of 2,000 cc of 5 per cent glucose in w^ater and 1,000 cc of 5 per cent 
glucose in saline were gwen dail3" On the fourth postoperative day, fluids were started 
b3’' mouth, one ounce of water every hour Swallowing was difficult at first as there was 
bulging of the left side of the neck, apparent^' from dilatation of the stomach The 
patient coughed with this dilatation, which was interpreted as evidence of pressure on 
the trachea The w ounds healed per pnmam and the drains were remov ed from the neck 
on the eleventh postoperative da3' 

Roentgen studies w^ere made 15 da3s after the operation Figure 6 shows barium 
outhnmg the stomach, which has a retrocardiac position in the thorax and is located in 
the neck m the esophageal bed The lung fields are otherwise normal Figure 7A demon- 
strates a detail of the gastric outline m the upper thorax, as shown bj the introduction 
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of barium The aoitic arch constiicts the posteiior-lying stomach, and partly acts as a 
cardia Figure /B illustiates the stiaightening out of the duodenum beneath the stomach, 
which is almost entirely intrathoracic in position The satisfactory emptying of the 
duodenum into the jejunum is seen m Figure 8 

The coughing, associated with eating, gradually subsided and the patient was dis- 
charged on the sixteenth postoperative day on soft diet, 2,570 caloiies with proteins, 140, 
carbohydi ates, 199, and fats, 123 He continued to gam in weight (10 pounds) and 
strength The swallowing impioved so that there was only an occasional coughing follow- 
ing the ingestion of food Esophagoscopy three months after the operation showed a 
slight stricture of the anastomosis at the level of the cricophaiyngeus, which admitted a 
No 30 French dilator leadily 



Fig 6 Fig 7 

Fig 6 — Upper gastro-intestinal senes taken 15 days after operation The stomach 
lies behind the heart m the thorax and extends up into the neck in the esophageal bed 
The lung fields are clear The sixth rib has been resected 

Fig 7 — (A, left) Detailed barium study of the stomach m the upper thorax demon- 
strates the constricting effect of the aortic arch on the stomach 

(B, light) The pylorus of the stomach is near the diaphragm and the duodenum is 
straightened out 


DISCUSSION 

The success of this operation is dependent upon attention to many details 
U'hich we have emphasized for the surgical resection of carcinoma of the 
upper third of the thoracic segment of the esophagus In addition, certain 
other points should be mentioned The extensive mobilization of the stomach, 
necessary to bring it up into the neck, is effected by fieemg the entire stomach, 
pylorus and duodenum Greatei care must be observed in preserving the 
blood supply to the stomach and duodenum than for an intrathoracic mobili- 
zation of the stomach This can be done by (i) preserving a generous cuff 
of omentum along the greater cuivature, (2) freeing the pyloius and the 
duodenum by blunt dissection, (3) avoiding tension and torsion on the 
stomach To mobilize the duodenum, one may excise the peritoneum lateral 
to the duodenum, as advocated by Priestley and Kumpurisii for the pei- 
formance of an esophagoduodenal anastomosis in total gastrectomy The 
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ligation of the individual blanches of the left gastric aitery and vein permits 
more stietch to the lessei cuivatuie so that the stomach is a straight tube, 
lathei than a comma-shaped cuived organ Gi eater length of the gastric tube 
can be obtained by placing it behind the aich of the aorta in the esophageal 
bed This will give an additional 2 to 4 cm of length to the stomach Besides 
this, the aoitic aich will constrict the posterior-lying stomach and tend to pre- 
vent the legurgitation of fluid cephalad to the aoitic aich when the patient is 
lying down (Fig yA) 



Pig 8 The barium is seen to enter the jejunum freely 

from the sti aightened-out duodenum 


After making the cervical anastomosis, the omentum, brought up into the 
neck, will help remfoice this union A closure of the mediastinal pleura about 
the stomach at the thoiacic inlet will tend to isolate the cervical regions from 
the thoiax If a bieakdown in the anastomosis occurs, then the drainage will 
escape thiough the ceivical tissues, along the track made by the cervically 
placed Peniose sheath drams Even though the drainage m our case was ml, 
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we left these drains m 1 1 days to form a definite track for escape of infected 
fluid from a possible leak in the anastomosis The anastomosis in our case 
healed per primam 

It IS advisable to pi esei ve the cncopharyngeus muscle, if possible, in order 
to prevent reguigitation of gastric juice into the pharynx and thus avoid 
pharyngeal and oral ulcerations With this muscle intact, no regurgitation of 
gastric juice was experienced in oui case As mentioned before, the placing 
of the stomach behind the arch of the aorta pi obably also tended to lessen the 
regurgitation The cough following the ingestion of food, soon after opera- 
tion, may have been due to (i) pressure of the stomach on the trachea, (2) 
cricopharyngeal spasm, or distortion of this muscle, possibly traumatized by 
suture, or (3) actual stenosis at the esophagogastric junction The fact that 
this symptom, which was troublesome soon after operation, gradually improved 
makes us believe that it was mainly due to the first two causes It is true that 
there was some stenosis at the anastomosis (No 30 French), yet we have 
observed patients with stenosis much smaller than this who could swallow 
fluids and soft solids without regurgitation and cough 

The question occurs will it be possible always to mobilize the stomach 
sufficiently to bring it up into the neck for anastomosis^ This question can- 
not be answered at the present time The stomach in the present case was of 
average size It is true that great difficulty might be encountered in obtaining 
sufficient mobilization of a greatly contracted stomach The gastro-intestmal 
senes may throw some light on this problem With the use of very thin 
barium, it may be possible to outline the size of the stomach Gastric barium 
studies in our case indicated a normal-sized stomach A greatly contracted 
gastnc shadow would probably contraindicate this procedure It is wise not 
to injure the blood supply to the esophagus until the diaphragm has been 
opened and the size of the stomach determined accurately If it was proved 
impossible to mobilize the stomach well into the neck, a high thoracic gas- 
trostomy could be performed and the defect bridged b)'^ a skin tube The 
anticipated result of such a procedure would be less desirable than could be 
expected for the one-stage operation presented here 

In addition to careful preoperative preparation of the patient, meticulous 
surgical technic and skillful anesthesia, so administered as to prevent hypoxia 
and shock, the postoperative care is extremely important The routine use 
of penicillin and streptomycin have made mediastinal and intrapleural infec- 
tion less of a problem for the resection of carcinoma of the esophagus, regard- 
less of the location Besides the maintenance of nutrition and fluid and salt 
balance during the early postoperative period, the prevention and management 
of postoperative pulmonary complications is of prime importance The success 
of the operation often hinges on this one factor In our case, despite diligent 
precautions, a patchy atelectasis of the right lower lobe developed We 
employed catheter aspiration of the trachea and bronchi^^> six different times 
dunng the second and third postoperative days Certainly without this 
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meticulous attention to the bionchial toilet, all oui previous hard work on this 
case would have been in vain 

The operation of Brickei and Buifoid fulfills the requirement of resection 
of extensive carcinoma of the ceivical esophagus in which the upper thoracic 
esophagus is also involved Actual^ they perfoi med a bilateral neck dissection 
at the first stage, so that a moie thoiough lemoval of carcinoma m the 
lymphatic channels was effected Then operation has the inheient disadvan- 
tage of all multi-stage operations for cancer m which a considerable period of 
time IS required for the completion of the plastic procedures The carcinoma 
may recur soon after the skin tube is completed In the time necessary to 
fashion the tube, the patient has been unable to swallow and has been fed by 
a gastrostomy The one-stage operation we have presented is superior from 
this point of view m that the patient can swallow soon after the operation has 
been completed Thus, even if recuirence of the carcinoma develops, successful 
palliation has been promptly effected The disadvantage of the one-stage 
operation lies m the fact that a bilateral neck dissection was not performed 
This might be done as a pielimmary operation, at which time the operability 
of the carcinoma could be determined Whenever the carcinoma cells extend 
from the esophageal mucosa through the muscularis and are in approximation 
with, or invading, the adjacent structuies (a common finding in these cases), 
permanent cure cannot be expected and only palliation is effected In our case 
the carcinoma cells had extended through the esophageal muscularis, so that 
recurrence may be anticipated A great deal more experience will be necessary 
for the true evaluation of the multi-stage and the single-stage procedures 

SXTIMMAEY 

1 A case of successful one-stage resection of carcinoma of the ceivical 
esophagus with a subpharyngeal esophagogastrostomy has been presented 

2 The surgical problems involved m the resection of carcinoma of the 
cervical esophagus and the cervical esophagogastric anastomosis have been 
discussed 

3 This operation offers hope for one-stage lesection of the tumor and 
immediate return of swallowing to these miserable patients with carcinoma of 
the cervical esophagus in which there is extensive involvement in the cervical 
region or an extension of the cancer into the thoracic esophagus 
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CERVICAL ESOPHAGOGASTROSTOMY FOLLOWING RESECTION 
OF SUPRA-AORTIC CARCINOMA OF THE ESOPHAGUS* 

Rudolph Nissen, M D 

New York, N Y 

In the past few years paitial esophagectomy plus piimaiy intrathoracic 
esophagogastrostomy has become the operation of choice for lemoval of 
carcinomas of the lower two-thirds of the thoracic esophagus Until recently, 
however, this technic seemed unsuitable for cancers located in the upper third, 
that IS in the supra-aortic part of the thoracic esophagus 

A few months ago Garlock^ described a combined cervico-thoracic approach 
which permits excision of the entire thoracic esophagus and restoration of the 
alimentary canal by means of a cervical esophagogastrostomy Garlock’s 
patient died on the morning of the first postoperative day of what Garlock 
believes were “profound physiological disturbances possibly caused by vagal 
stimulation ” Garlock’s technique was emplo)^ed in the case to be reported, 
and the description will be given in the operative report 

CASE REPORT 

A 61-j’^ear-old white male was admitted to the Jewish Hospital of Brooklyn on 
December 10, 1948, because of difficulty in swallowing for the preceding six weeks This 
began as a feeling of heaviness while swallowing and progressed rapidly so that at the 
t’me of admission he could not swallow solid food He could take liquids in small 
amounts Solid food or large swallows of liquids seemed to become blocked in the region 
of the jugular notch and were regurgitated There was a 7 lb weight loss, but no cough, 
fever, pain nor change in speech, and with no melena or hemoptysis 

Past History In 1937 amputation of the penis and bilateral inguinal node dissection 
was performed for carcinoma of the penis He has had no subsequent difficulty m voiding 
and no evidence of recurrence There has been a partial bilateral difficulty in hearing for 
the past three years 

Physical Examination T 99 B P 124/64 Pulse 68 Resp 20 The patient is a 
well developed, thin white male There is no evidence of recent weight loss The penis 
has been amputated at its base, the meatus is patent and he voids in a good stream 
There are bilateral 6-mch inguinal scars Remainder of physical examination is negative 
except for partial deafness Impression at time of admission carcinoma of the esophagus 
The patient was esophagoscoped and a biopsy taken from a tumor mass in the upper 
esophagus 

Pathologic Repoit Tissue from esophagus showed evidence of epidermoid carcinoma 
Roentgen-ray examination of the esophagus by means of a barium swallow revealed 
a narrovnng between the level of the jugular notch and the upper border of the aortic 
arch Only a trickle of barium was seen to pass through the constricted area (Fig i) 
Lahoiatoiy Data on Admission Blood count Hgb 88 per cent, RBC 4 35, WBC 
7000, 38 per cent polys, 61 lymphs, i eosin Urine acid, i 020, trace of albumin O sugar 
Blood chemical determinations sugar 85 mg per 100 cc , urea 9 mg per 100 cc , 
CO2 69 vol per cent, chloride 354 mg per cent, protlirombm time normal, phosphorus 
3 4 mg per cent, alkaline phosphate 2 2 Bodansky units per cent, total protein 6 2 per 

* Submitted for publication, March, 1949 
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cent, albumin 36 per cent, globulin 26 per cent, Mazzini negative Electrocardiogram 
was normal 

The patient was prepared with blood transfusions and hydrated with intravenous 
glucose and saline solutions and the operation performed on December 17, 1948, under 
endotracheal cyclopropane, ether, oxygen anesthesia He was placed on the table slightly 



Fig I — Preoperative esophagogram Defect in the superior mediastinal segment be- 
tween the level of jugulary notch (arrow) and upper border of aortic arch (arrow) 


turned towards his right side, and the whole of the left and left-anterior surfaces of the 
neck, thorax and upper abdomen exposed and prepared as the operative field The left 
arm, wrapped in sterile towels, was supported away from the body at about 45 degrees 
The objective of the first phase of the operation was to determine the operability of 
the tumor The incision was made along the anterior border of the left sternocleido- 
mastoid muscle from the level of the hyoid bone to the jugular notch The muscle was 
retracted toward the left, and the left lobe of the thyroid toward the right The middle 
thyroid vein was ligated and divided, care being taken to leave the lower thyroid artery 
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intact The cervical section of the esophagus being exposed, a linger was inserted from 
the side and introduced into the upper mediastinum in front of the esophagus The tumor, 
as well as a mass of nodes to the right of it could be palpated and delineated by blunt 
dissection The tip of the finger could then be gently advanced to the posterior surface of 
the arch of the aorta (Fig 2) It was found that the tumor could be readily freed from 
the trachea, and was therefore removable A pad was placed m the upper mediastinum 
and the incision temporarily closed with clips 

The patient was then turned to the full right-side position, and the arm supported 
diagonally upward and forward An incision was now made along the 6th rib and the 
rib resected from the costo-vertebral angle to its costal cartilage The pleural space was 
found to be obliterated by adhesions whiCh were 5 mm thick in some places Only the 
upper pleural area was m normal condition The adhesions were broken down, partly by 
extrapleural pleurolysis so that the lung could retract After the nb-spreader was placed 
m position, the entire left pleural cavity could be freely explored and next the mediastinal 



Fig 2 — Cross-section at the level of 
the 4th dorsal vertebra The arrow 
indicates the paraesophageal space which 
IS explored from the cervical incision 
m order to determine operability of the 
tumor 


\ 



Fig 3 — The cardia is transsected and inverted 
after mobilization of esophagus and stomach 


pleura attached to the esophagus was incised both above the aortic arch and below it as 
far as the cardia The pad was then removed from the upper mediastinum The diseased 
ai ea of the esophagus could then be freed on all sides, without damage to the left recurrent 
laryngeal nerve or the thoracic duct The left vagus nerve was identified m the upper 
angle of the wound, the right vagus nerve remained unexposed 

The esophagus was then freed along the rest of its length, after the vessels supplying 
it from the aortic arch and aorta had been divided between silver clips The two 
Nn vagi were identified below the tracheal bifurcation and cut The phrenic nerve was 
crushed above the diaphragm and then the diaphragm itself was incised from the 
hiatus almost up to the lateral chest wall, permitting access to the upper abdominal 
cavity The stomach was then mobilized in the usual manner after ligation and division 
of the left gastric artery, the vasa brevia and the left gastro-epiploic vessels The gastro- 
colic ligament was divided close to its colonic attachment so that its own blood vessels 
could be preserved for collaterals to the stomach The stomach w'as cleared of all con- 
nections as far as the pylorus 

The esophagus w'as then cut through at its junction with the stomach and the cardia 
closed wnth a double row^ of interrupted silk sutures The open end of the esophagus w'as 
tied off and co\ ered by a rubber cap, fixed in position with a strong silk thread which 
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was left long (Fig 3) By means of a long foiceps passed through the cervical incision 
into the mediastinum the free end of the esophagus was grasped and the entire thoracic 
esophagus was pulled out through the cervical wound 

The uppermost tip of the fundus of the stomach was then equipped with two strong 
■sutures to be used for manipulating the organ The long ends of these sutures were 
grasped by the forceps, again introduced through the cervical wound, and the stomach 
was thus pulled upward between the hilus of the lung and the aortic arch In this way the 
stomach had the aortic arch behind it and the hilus in front of it The transposition of 
the stomach into the cervical incision was aided by manual support through the open 



Fig 4 — The esophagus is pulled out through the cervical 
incision The stomach is withdrawn through the lower angle of 
the same incision and held in this position by 2 guide sutures 


chest cavity, and the fundus could readily be brought up to the level of the larynx The 
stomach was held m this position by means of a clamp attached close to the knots of the 
holding sutures and resting across the line of the neck incision (Fig 4) 

A number of fine silk sutures were used to attach the mtrathoracic gastric segment 
to the mediastinal pleura At the point where the fundus of the stomach enters the neck 
area the sutures were placed close together so that the line would be air-tight Then the 
incision in the diaphragm was closed by single sutures and centially its edges were 
attached to the adjacent prepyloric region of the stomach Twenty cc of saline containing 
100,000 units of penicillin were divided between mediastinum and pleural cavity 

A medium-sized catheter was now introduced into the chest cavity via a small incision 
in the ninth intercostal space at the posterior axillary line The lung was inflated, and 
the chest incision closed in layers 
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The patient was then placed on his back, and the cervical incision reopened The 
esophagus was tiansected 2 cm above the upper limit of the tumor, the fundus was 
incised between the two holding sutures and anastomosis made between it and the upper 
esophagus remnant by means of a double layer of single sutures of fine silk After the 
posterior suture line was finished, the anesthetist passed a Levine tube through the nose 
into esophagus and stomach The left lobe of the thyroid was used as a covering to 
reinforce the front of the anastomosis Two strips of iodoform gauze were inserted 
towards the mediastinum, and the neck incision closed in two layers 

The duiation of the operation was hours, and up to the last 15 minutes there were 
no notable fluctuations in pulse or blood-pressure There was a moderate fall in blood- 
pressure during the last quarter hour A blood transfusion was started just before the 
first incision, and 1500 cc were given during the operation 



A B 

Fig 5 (A & B) — Postoperative roentgenograms after ingestion of barium The 
anastomosis (arrow) is visible above the level of the suprasternal notch (Arrow) 


After the bronchial secretions had been aspirated, the endotracheal tube was with- 
drawn and the patient was returned to bed under an oxygen tent The Levine tube was 
connected with a Wangensteen suction apparatus, the intercostal catheter witli an under- 
w'ater drainage bottle 

The patient regained consciousness after hours There had been no damage to 
the recurrent laryngeal nerves, as his voice w'as normal For a time, dailj intramuscular 
injections of penicillin and streptomycin were given For the first fi\e dajs parenteral 
feeding w^as used exclusively (2000 cc of 5 per cent glucose solution were gnen daily 
and 500 cc of blood every second day ) The Levine tube w^as wathdraun on the fifth day 
Oral feeding was begun wuth 15 cc of milk e\erj hour and after three more days fluids 
w^ere permitted as desired Fiom the tenth postoperatne daj soft diet was given and 
swallowing proceeded normally Drainage through the intercostal catheter ceased on 
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the third postoperative day, and the tube was removed on the fifth day The gauze drains 
were withdrawn from the neck wound on the sixth day 

Roentgen-ray films at the bedside on the third, fifth and eighth days after operation 
revealed clear lung fields on both sides except for a shadow in the lower left area A 
tube-shaped air space, corresponding to the situation of the intrathoracic stomach was 
plainly visible The patient was out of bed on the sixth postoperative day 



Fig 6 — Postoperative roentgenogram of the cervical esophagogastrostomy 
Anastomosis and suprasternal notch marked by arrows 


Attacks of expiratory dyspnoea very similar to bronchial asthma occurred from the 
second to the eighth day after operation These spells lasted from lo minutes to as long 
as three hours accompanied by the characteristic asthmatic wheezing, but uninfluenced 
by adrenalin and atropin injections There were no further attacks after the eighth day 
During the first few days after operation the pulse rate remained at from loo to 120, but 
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returned to normal on the seventh day For the first ten days the respiratory rate 
was 22 and 26 

Pafltologtsf’s Posfopeiafivc Repot t The specimen consists of resected portion of 
esophagus which is already opened and measures 18 cm m length One and one-half cm 
from one end there is a firm elevated nodular sub-mucosal area which tapers into a con- 
stricted portion This constriction is 4 cm from one end Six cm from this end the 
mucosa is replaced by yellow tan, firm papillary-like tissue which is continuous with 
the submucosal layer described above In an area from 2 to 8 cm from one end of the 
esophagus the submucosal tissue is hard and nodular The mucosa in this area is a 
greenish red and is firmly adherent to the submucosa The remainder of the mucosa is 
tan, graj’-, and is freely movable Two Lmiph nodes i cm in diameter are found at the 
central portion of the esophagus 

Mtct oscopic Evammahon In one area the mucosa is ulcerated The tumor consists 
of nests of ovoid or polygonal cells of varying size and shape In many cells the nuclei are 
hyperchromic and in a few mitotic figures are present There are extensive foci of 
necrosis The Ij’-mph nodes show extensive pigmentation, but no involvement by tumor 

Roentgen-ray pictures taken four weeks postoperative show the new location of the 
stomach with the esophagogastrostomy above the level of the supra sternal notch 
(Figs 5, 6) (See footnote, page 30) 

COMMENT 

In our technic of operation there tvere a few minor deviations from Gar- 
lock’s description We resected the sixth rib instead of the seventh m order to 
have a better approach to the supra aoitic space, where preservation of the 
recurrent nerves and the thoracic duct demand caieful dissection and hemo- 
stasis under adequate visualization 

No attempt was made to anchor the upper end of the transplanted stomach 
to the areolar tissue of the jugular notch The success of the entire procedure 
must depend m large part upon maintaining an adequate blood suppl}’- for the 
mobilized stomach We therefore avoided placing any sutures (which might 
occlude vessels unnecessarily) in the stomach wall, pai ticularty as there was 
no evidence of increased tension upon the anastomosis 

This “drag” on the anastomosis which is often mentioned in the papers 
dealing with esophago-gasti ostomy seems to be somewhat overstressed There 
are cases in which at the end of the operation some tension on the anastomosis 
IS evident, but even in these the usual atonia caused by vagotomy will neu- 
tralize the drag m a short time In one of our patients (carcinoma of the 
middle third) the anastomosis was under considerable tension As this patient 
had had a previous esophagogastrostomy for cardiospasm, the stomach \vas 
simply too short to allow relaxation of the tension, although the organ had 
been well mobilized When, three weeks following the operation, an esophago- 
giam was taken, we were sui prised to find the fundus of the stomach in the 
dome of the pleura, its cranial end at a higher level than the anastomosis 

Preservation of the cenucal and upper thoiacic portions of the Nn vagi 
IS obviously a pierequisite for a satisfactory outcome As noted m the 
description of the operation, v e cut the nen es well bej ond the le\ el of the 
bifurcation of the tra^'liea so as to save those branches joining the piil- 
monarj'’ plexus 
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Garlock believes that “vagal stimulation” was the cause of death in his 
patient But it is questionable, whethei a piotracted vagal leflex ever does 
occui Dining the operation mentioned by Garlock, pulse, blood pressure and 
lespiratory rate lemained undisturbed There was thus no evidence of hyper- 
stimulation of the vagi while the dissection iii the vicinity of the nerves was 
being performed It seems unlikely that any marked degiee of irritation of the 
vagi would develop after completion of the operation 

On the othei hand late fatal efifects are well known as a consequence of 
vagal paialysts In fact, bilateral vagotomy at a high level is always fatal in 



Fig 7 Fig 8 

Figs 7 and 8 — Photographs of patient 6 weeks after operation Neck incision and 

thoracic incision visible 


experimental animals, as is confirmed in the physiological literature In these 
experiments bilateral vagotomy was routinely done at the cervical portion of 
the nerves, and the simultaneous paralysis of the laryngeal recurrents was 
believed to be the cause of the fatal pneumonia Othei theories emphasize the 
inability of glycogen synthesis in the liver following vagotomy which in turn 
may seiiously impair the nutritional condition of the heart muscle In experi- 
ments on dogs, we^ found sufficient proof to assume that maintenance of the 
pH equilibrium m the blood is dependent on intact cervical portions of the 
vagi nerves After bilateral vagotomy an irreversible and therefore fatal 
acidosis by CO, accumulation m the blood developed 
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Attempts to leplace the entiie thoiacic esophagus by the mobilized stomach 
are not new As far back as 1920 Kirschner^ was successful in pei forming a 
ceivical esophagogasti ostomy on a patient with cicatricial stenosis of the 
mediastinal part of the esophagus No lesection, howevei, was done Kirsch- 
ner divided the stomach close to the caiclia and performed an anastomosis 
between caidia and jejunum The stomach was then mobilized m the same 
way as has become today’s routine piocedure, and was hi ought up to the 
neck through a subcutaneous tunnel on the anteiior chest wall The cervical 
esophagus was exposed and connected with the fundus of the stomach by 
side-to-side anastomosis The patient survived Kiischner thought it an 
advantage to avoid the transpleuial loute H Kuemmell Jr advised a similar 
method He fieed the thoiacic esophagus through the hiatus esophagus and a 
left cervical incision by blunt and blind dissection The stomach was then 
devasculanzed according to Kirschner and pulled up to the neck None of 
Kuemmell’s patients survived 

The first case of successful ceivical esophagogastrostomy following resec- 
tion of an upper third cancer was repoited by Sveet^ in Decembei, 1948 
(Operation on Octobei 28, 1947 ) Sweet staited with the thoraco-abdominal 
part of the operation, turned the patient on his back and performed the 
anastomosis from a combined thoiaco-cervical incision He thought it nec- 
essary to remove the mesial pait of the left clavicle, the piominent corner of 
the manubrium of the sternum, and the anteiior half of the first rib A pie- 
vious attempt to pull the stomach up thiough the apex of the thorax into the 
base of the neck had apparently failed because of insufficient room to perform 
an anastomosis It may be assumed that Sweet had to deal with an abnormally 
narrow aperture W e did not experience an)'- difficulty m bringing the stomach 
through the aperture There was even room enough to place two packs beside 
the end of the stomach This is understandable, for we know that the lower 
lobes of the thyroid gland often grow down into the uj^per mediastinum with- 
out causing pressure symptoms In the average case Garlock’s procedure 
seems to be prefeiable, because it is the simpler one 

Data as to the after effects of cervical esophagogasti ostomy are beginning 
to be recorded Garlock himself interpreted the significance of the fatal out- 
come of his case as probably connected with some changes in the vagal mech- 
anism secondary to operation Sweet noticed that turning his patient on the 
left side was followed by rapid pulse and marked fall in blood piessure Both 
signs disappeared when he was turned back again This was thought to be 
caused by stimulation of the carotid sinus 

In our case a postoperative complication was an asthmatic condition 
lasting for five days, and uninfluenced by atropin and adrenalin Asthmatic 
attacks had not occurred previously The expiratory dyspnea itself was not 
seiious, but the accompanying cough — though rather unproductive — caused 
regurgitation of gastric content Factois piobably responsible for this are the 
high level of the anastomosis adjacent to the phar}mx, the absence of a sphinc- 
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ter mechanism , and the atonic state of the stomach because of vagotomy Thus 
the stomach is exposed to the oscillations of the intrapleural pressure which 
becomes strongly positive dm mg the cough effort The relation of the attacks 
of bionchial asthma to the operative piocedure is problematical Vagal and 
sympathetic nerves both are said to participate in the innervation of the 
muscles of the bronchial wall Surgical treatment of bronchial asthma has 
been tried by means of sympathectomy and vagotomy The reported per- 
centages of alleged improvements are about the same, whether sympathectomy 
or vagotomy was perfoimed 


SUMMARY 

A case of cervical esophago-gastrostomy following resection of a supra- 
aortic carcinoma of the esophagus is reported The satisfactory outcome of 
the operation indicates the justification of a combined cervico-thoracic 
approach as recommended by Garlock 

The role of the Nn vagi m postoperative disturbances is discussed 
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(Footnote to case report ending on page 27 ) The last follow-up examination 
I occurred June 20, 1949 Normal swallowing function (confirmed by roentgenogram) was 
noted General condition is satisfactory 
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SURGICAL TREATMENT OF DUODENAL ULCER - COMPARISON 
OF RESULTS WITH AND WITHOUT VAGOTOMY^ 

George Criee, Jr , M.D , T E Jones, M D., 

WD J B. Davis, M D.f 

I ROM THE CLEVELAND CLINIC AND THE FRANK E BUNTS EDUCATIONAL INSTITUTE 

We are reporting the results of surgical tieatment of 174 cases of 
intractable duodenal ulcei The fiist half of the senes had gastric lesections 
or gastro-enterostoniies and the second half had vagotomies with pyloroplasty 
or gastro-enterostomies Both series aie similar in respect to average age, 
duration of symptoms, preopeiative complications and seventy of the disease 
The same two suigeons performed the opeiation in both groups The period 
of study was from January, 1942, to January, 1948 

TYPE OP OPERATION 

The first 87 patients in the series were subjected to gastric resection or 
gastro-enterostomy Sixty-seven of these had the distal two-thirds of their 
stomachs resected and continuity restored by a short-loop retrocolic gastro- 
jejunostomy, with the distal end of the jejunum directed to the greatei 
curvature of the stomach Hoftmeister’s modification of the posterior Polya 
technic was employed 

Twenty patients were treated by posterior gastro-enterostomy with the 
jejunal loop attached to the stomach in an antiperistaltic direction The cases 
selected for gastro-enterostomy were usually obstructing ulcers m older 
patients, active ulcers in patients whose condition was such that the risk of 
resection was too great, 01 penetrating ulcers in which the technical difficulties 
of resection would have increased the risk 

The second half of the series is composed of 87 consecutive cases in which 
transabdominal vagotomy was employed in conjunction witli either pyloro- 
plasty or gastro-enterostomy The pyloroplasty consisted merely in longi- 
tudinal division and transverse suture of the pyloius, occasionally with 
excision of an ulcer on the anterior wall of the duodenum Gasti o-enterostomy 
was performed by the same technic as m the first senes 

INDICATIONS FOR OPERATION 

Patients with duodenal ulcer were not operated upon unless they proved 
intractable to medical management The indications for operation were the 
same in the second group as in the first (Table I) 

COMPARISON OF THE POSTOPERATIVE FOLLOW-UP 

Since none of the patients in the second group have been followed longer 
than 18 months, care was taken to disregard any symptoms in the first group 
which appeared more than 18 months after opeiation Thus, if a patient had 

* Submitted for publication, December, 1948 
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had a gastric lesection and was well at the end of one year, he would he 
classified in this stud}'^ as well, even if he developed a maiginal ulcer two 
years later 

In the first gioup fiequent feedings and antacids weie advised and smoking 
and drinking weie prohibited, wheieas the patients subjected to vagotomy 
weie given no dietaiy or medical management after the sixth week and were 
allowed to smoke or drink if they so desiied 

A factoi which may influence the statistics is the fact that the patients 
subjected to vagotomy were questioned routinely about diaiihea and vomiting 
If the patient vomited only once oi twice oi had two oi three stools a day, it 


Table I 


G^st'•lc Resection Vagotomy ^^lth 
or G n Pyloroplasty or G E 


Total consecutive cases 

87 

87 

Total followed cases 

76 

S3 

Duration of follow-up 

5 to 18 mo 

S to 18 mo 


a\ — 11 mo 

av — 14 ino 

A\ erage age 

44 1 vrs 

17 3 yrs 

Duration of symptoms 

119 yrs 

12 S vrs 

Duodenal ulcer demonstrated at operation 

87 

87 

Intractable epigastric pain 

87 

87 

Night pain 

20 

19 

Hemorrhage 

29 

29 


(Multiple IS) 

(Multiple 9) 

History of perforation 

6 

8 (Multiple 2) 

Pyloric obstruction 

29 

27 


was recorded, whereas minor episodes of diarrhea oi vomiting which occurred 
after gastric resection might not have been recorded at the time and might 
subsequently have been forgotten by the patient 


POSTOPERATIVE COURSE 

In geneial, the postoperative course of the patients with vagotomy and 
pyloroplasty oi gastro-enterostomy was little difterent from that of the 
patients with gastric resection or gastio-entei ostomy alone The hospital 
mortality was lower in the patients subjected to vagotomy than m the first 
group There were two deaths after gastric resection and one after gastio- 
enterostomy alone compai ed with only one death in the patients wuth vagotomy 

PERSISTENCE OR RECURRENCE OF ULCER PAIN 

There was a striking difference in the two groups legardmg control of 
ulcerlike pain Ulcerlike distress often persisted after gastiic resection or 
after gastro-enterostomy and required dietary management or antacids but 
was rarely observed after vagotomy 


Table II — Recurrence of Ulcei Pam Since Operation 



Vagotomy and G E 

Resection or G E 

or Pyloroplasty 

18 

Yes 

4 

55 

No 

79 
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PERSISTENCE OF ABDOSIINAL PAIN OTHER THAN ULCERLIKE PAIN 

All types of pain, except iilceilike distress, are included in this categoiy 
and are about equall}’- common m the two groups Incisional pain was the 
commonest Lower abdominal pain, perhaps leferahle to the colon, was 
obseived in both groups but was less common in the patients subjected 
to vagotomy 


Table III — Abdommal Pam Other Than Ulcer Pam Since Operation 

Vagotomy and G E 

Resection or G E or Pyloroplasty 

Yes 20 Yes 20 

No 55 No fij 


VOAHTING 

Only two of the patients subjected to p3doroplasty or gastro-enterostomy 
coupled with vagotom)'- vomited enough to cause concern Mild vomiting is 
defined as not over five times since operation , sevei e as more than five times 
The seventy of the vomiting in the first series cannot be estimated accurately 
because the number of times that the patients vomited was not recorded at 
the time and memor}^ is not reliable 


Table IV — Vomiting Since Operation 



Vagotomy and G E 


Resection or G E 

or Pyloroplasty 


Yes 7 

Yes Repeatedly 

2 


Occasionally 

IS 


(1 to 6 times a year) 


No 66 

No 

66 


DIARRHEA 

Only two patients subjected to vagotomy had troublesome diarihea, which 
persisted for more than five months Five patients in the first group com- 
plained of diarrhea of varying degrees of seventy Constipation was also a 
complaint in a number of cases in both groups Transitory diarrhea was seen 
more often in the patients with vagotomies than in the first group 


Table V — Diaiihea Since Opeiatwn 



Resection or G E 


Vagotomy and G E or Pyloroplasty 


Yes 5 

Yes 

2 (5 to 10 stools daily) 

1 1 (Transient for 6 neeLs after operation) 

17 (Occasionally mild — I to 5 stools daily) 



Total 

30 


No 67 

No 

S3 


FEELING OF WELL-BEING 


Table VI refeis to all complaints referable to any system of the bod} and 
includes such symptoms as backache and headache The question v as designed 
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to evaluate the status of the patient as a whole lathei than that of the gastro- 
intestinal tract The patients with vagotomies had fewer complaints than 
those in the first group There appeared to be little difJerence in the two 
groups as to the length of time before returning to work 


Table VI — Do 

Yon 

Constdet 

y oil! self Well? 



Vagotomy and G E 

Resection or G E 



or Pyloroplasty 

Yes 

48 

Yes 

58 

No 

20 

No 

19 

Improved 

2 

Improved 4 


DEMONSTRABLE RECURRENT ULCERATION 

Two of the three demonstiable jejunal ulceis which occurred in the 
gastric-resection, gasti o-enterostomy group occuired after resections Three 
of the four hemorrhages m this group occurred aftei gastro-enterostoinj^ 

In only one case in the vagotomjr group has theie been any objective 
evidence of recurrent ulceration demonstrable by either roentgen lay, gastros- 
copy, or by such clinical signs as hemonhage or perforation This patient 
was classified at the end of five months as a failuie because ulcerhke pam 
had persisted, unrelieved by gastro-enterostomy and vagotomy Eight months 
after opeiation a jejunal ulcer was demonstrated Three additional vagus 
fibers were found, divided and confiimed by histologic examination The pain 
which before reoperation had required morphine was relieved at once, but it 
recurred within three weeks The gastro-enterostomy Avas taken down, the 
jejunal ulcer excised, and a pyloroplasty was perfoimed After operation the 
insulin-tolerance test showed clear evidence that the vagotomy was still 
incomplete The patient’s symptoms have been controlled by a course of 
1 oentgenotherapy to the stomach, enterogastrone, antacids and diet The 
patient’s hypersensitive personality, and his symptoms, suggesting a dump 
syndrome, even with gastro-enterostomy, influenced our decision to perform 
a pyloroplasty rather than to resect the stomach 


Table VII — Objective Evidence of Rccuirenf Ulceiatioii 


Resection or G E 
Proved jejunal ulcer 3 

2 after gastric 
resections 

1 after G E 

Hemorrhage 4 

1 after resection 

3 after G E 


Vagotomy and G E 
or Pyloroplasty 
Proved jejunal ulcer 1 


Hemorrhage 0 


EA^ALUATION OF RESULTS 

The criteria used m evaluating the results were shown in Table VIII 
Although the group of cases subjected to gastro-enterostomy alone is 
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small, the difteience between the lesults obtained in this gioiip and those 
following gasti o-enterostoniy combined wnth vagotomy is striking enough to 
indicate that the excellent lesults obtained followung gastro-enterostomy and 
vagotoni} aie not attiibutable to the gastro-entei ostoni)'^ alone"* 


Tabie VIII 


Excellent — 100% norm'll health from gastro-intestinal standpoint 
Satisfactorj — No ulcer distress gastro-mtestmal symptoms so mild that they do not 
interfere with iiork, no special diet or medication recommended or taken 
Improied — No ulcer distress fewer gastro-mtestmal symptoms than before opera- 
tion, but diet and/or medication have been used to control symptoms 
Failure — Persistence of ulcerlike distress or development of other gastro-mtestmal 
s> mptoms sufficiently severe to constitute a disability 


The lesults obtained followung gasti ic resection alone and followung G E 
alone aie shown m Table X 


DISCUSSION 

Some surgeons perfoimmg lOO opeiations for duodenal ulcers will 
perform 50 gastric lesections and 50 gastro-enterostomies w’'hereas otbeis 
may perform 90 lesections and 10 gasti o-enterostomies The reasons foi 
selecting one operation or the other depend on the type of ulcer, the condition 
of the patient and the iisk of operation In evaluating the efficacy of a new 
procedure, it is not fair to compare it wuth only a selected group of cases 


Table IX—Companson of Results m 156 Cases Folloxved Ft out 5 to 18 Months 

Ajtei Opetatwn 


Operation 

Excellent 

Satisfac- 

tory 

Vagotomy with gastro-enterostomy or 

pyloro- 

11% 

plasty 83 followed cases'*" 

78% 

Gastric resection, 5 7 cases 

60% 

10% 

Gastro-enterostomy 16 cases 

Total 73 followed cases 




Improved 

S% 

4% 


Failure 

6 % 

26% 


treated by gastric resection For this reason the results obtained followung 
vagotomy combined with a shunt operation should not be compared will 
the results obtained following gastric resection alone or following gastro- 
enterostomy alone, but should be compared with an equal number of consec- 
utive cases in wdnch the patients were operated upon by the old technics, 
including both gastric lesections and gastro-enterostomies 

If a surgeon wdio is accustomed to performing gastric resections or 
duodenal ulcer begins to emplo}'" vagotomy, his tendency is to emp 03 
vagotomy at first m the milder cases and to rely on time-tested gastric resec- 
tion to control the complicated ulcers Consequent!}'’, he ina}'’ emplo) a agotoni} 
m some cases m which the objective findings are not proportionate to the 
subjective, and use it m a selected gio up of cases whose symptoms are more 

* There was no significant difference in the results follouing xagotoniy and gastro- 
enterostomy as compared with vagotomy and pyloroplasty 
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the result of functional disorders than of organic disease Since vagotomy 
does not benefit functional gastric distress or symptoms due to gastritis, he 
may find that the results in his selected group of cases are poor 

The cases reported here are not selected but are consecutive After 
experience in the technic had been gained by operations on a number of jejunal 
ulcers, the decision was made to employ vagotomy m the treatment of all 
duodenal ulcers, and from that time no further gastric resections were 
employed Nor were vagotomies employed in the treatment of duodenal ulcer 
during the period of time that gastric resections were being done For these 
reasons both series represent a consecutive, not a selected, group of cases 
In this senes the criteria for operation, the severity of the disease and the 
surgeons performing the operations were the same The period of follow-up 
IS the same and the percentage of patients followed is comparable Although 
the series is small, the differences in results appear to be significant 


Table X 



Satisfac- 


Operation 

Excellent 

tory Improved 

Failure 

Gastric resection, 57 cases 

67% 

10% 4% 

19% 

Gastro enterostomy, 16 cases 

38% 

6% 6% 

50% 


The mortality rate for the vagotomy group is lower than for the group 
treated by gastric resection or gastro-enterostomy alone The side effects 
following vagotomy were of minor importance and were comparable, m most 
respects, to the side effects following gastro-enterostomy without vagotomy 
Even those patients who developed side effects following vagotomy were glad 
that the operation had been performed and were well pleased with their 
improvement Persistence of the symptoms of ulcer and demonstrable 
recurrences of ulcer were much lower in the vagotomy group Finally, the 
number of patients who considered themselves entirely well and the number 
of patients whose results were objectively classified as excellent were higher 
in the group subjected to vagotomy 

SUMMAKT 

1 A series of 174 cases of intractable duodenal ulcer treated by various 
types of operation is reported 

2 This series is composed of two groups of 87 patients each In the first 
group 67 patients were treated by gastric resection and 20 by gastro-enteros- 
tomy In the second group all patients were treated by pyloroplasty or gastro- 
enterostomy coupled with vagotomy 

3 The two series are similar in respect to average age, duration of 
symptoms, preoperative complications and severity of the disease The same 
two surgeons performed all operations in both groups The mortality rate in 
the vagotomy series was i i per cent as compared to 3 4 per cent in the 
patients subjected to gastro-enterostomy or gastric resection 
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4 On the basis of our experience, vagotomy with gastro-enterostomy or 
pyloroplasty has the following advantages over gastric resection or gastro- 
enterostomy 

a a lower moitahty rate 

b a lower incidence of demonstrable recurrent ulceration 
c a lower incidence of recurrent gastro-intestmal hemorrhage 
d a lower incidence of recurrent ulcer pain 
e a lower incidence of abdominal pain of all types 

5 Vagotomy with gastro-enterostomy or pyloroplasty has the following 
disadvantages 

a a possible greater incidence of transitory postoperative vomiting 
b a probable greater incidence of transitory postoperative diarrhea 

6 Although the results following gastric resection are superior to those 
following gastro-enterostomy, even the selected patients (67 of 87) whose 
stomachs were resected had a significantly higher mortality and morbidity after 
operation than did those subjected to vagotomy coupled with gastro-enteros- 
tomy or pyloroplasty 

7 The side effects of vagotomy have been few and mild 

CONCLUSION 

In the first 18 months after operation, vagotomy, 111 conjunction with 
gastro-enterostomy or pyloroplasty, has given better results than gastric 
resection or gastro-enterostomy alone 


“CATEGORICALLY INOPERABLE” CARCINOMA 
OF THE BREAST^ 

William L Tomlinson, M D f 

AND 

Clarence T Eckert, M D 

Sr Lotus, Missouri 

TROM THC DEPARTMENT OP SURGERV TUP BARNARD PREE SKIN AND CANCER HOSPITAL ST LOUIS 

Successful treat, mfnt of cancer of the bieast can only be accomplished 
by radical mastectomy This piocedure today is essentially the same as that 
described by Halsted Many technical variations have appeared throughout the 
years, but with little if any improvement in clinical lesults 

For the most part, the piocedure of radical mastectomy has been advised 
for all patients in which the operation was a technical possibility 

In genei al, the ci iteria of operability have been 

1 Movable pi unary tumoi 

2 Limitation of the metastases to the avilla of the same side as the 
primary tumoi (checked by roentgenograms of chest and skeleton) 

3 Movable metastases 

While these cnteiia may satisfy the technical requii ements for radical 
mastectomy, the clinical results leave much to be desned 

This discrepancy between technical operability and clinical curability was 
very forcibly demonstiated m an excellent senes of papers by Haagensen and 
Stout Following a very ciitical review of the cases of breast carcinoma 
seen at the Presbyterian Hospital m New Yoik, they came to the conclusion 
that the clinical results did not justify the procedure of radical mastectomy in 
many cases in which the operation was technically possible They further 
concluded that the “categorically inopeiable” cases could be readily identified 
by certain definite signs of the advancement of the disease They accordingly 
drew up the following rule for judging the operability of breast carcinoma 

Women of all age groups, who are in good enough general condition to 
run the risk of majoi surgery should be treated by ladical mastectomy, except 
as follow^s 

1 When the carcinoma is one which developed during pregnancj'^ or 
lactation 

2 When extensive edema of the skin over the breast is present 

3 When satellite nodules are present in the skin over the breast 

4 When intercostal or parasternal tumor nodules are present 

5 When there is edema of the arm 

6 When proved supiaclavicular metastases are present 

7 When the carcinoma is the mflammatoiy type 

Submitted for publication, November, 1948 

t Trainee of the National Cancer Institute at The Barnard Free Skin and Cancer 
Hospital 
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S When distant metastases are demonstrated 

9 When any tno, or moie, of the following signs of locally advanced 
caicinoina are piesent 

a Ulceiation of the skin 

b Edema of the skin of limited extent (less than one-third of the skin 
ovei the breast involved ) 
c Fixation of the tumor to the chest wall 

d Axillary l3anph nodes measuring 25 cm or more in tiansverse 
diainetei and proved to contain metastases by biopsy 
e Fixation of axillary lymph nodes to the skin or the deep stiuctures 
of the axilla, and proved to contain metastases by biops}^ 

These investigators found 109 cases in their series which met these criteria 
of inopei ability Of this group, there were no permanent cures Three cases 
remained chmcall}' free of metastases for as long as five years but later died of 


Table I — Signs of Locally Advanced Caicinoina of Bieast 


No of Patients 


Inflammatory type of carcinoma 6 

Satellite nodules 23 

Pigskin appearance over one-third of the breast 35 

Supraclavicular nodes IS 

Edema of arm 5 

Distant metastasis S 

Pregnancy and lactation 3 

Lymph nodes m aMlIa 2 5 cm or more m transverse diameter along with some 

other sign of locally advanced carcinoma 19 

Ulceration of skin along with some other sign of locally adv anced carcinoma 37 

Fi\ed axillary nodes with some other sign of locallv advanced carcinoma 3 

Fixation to chest wall with some other sign of locally advanced carcinoma 4 


Pigskin appearance of less than one third of the breast with some other sign of 
locally ad\ anced carcinoma 


recurrent or metastatic caicinoma They also presented evidence which sug- 
gested to them that if these cases, classed as categorically inoperable, were 
subjected to radical mastectomy, their life expectancy was shoitened b}'’ about 
lO months (as compared with similar untreated cases) 

It was oui purpose to apply these same criteria of mopei ability to a group 
of cases of breast carcinoina (female) from the Barnard Free Skm and Cancel 
Hospital We therefore reviewed all cases of carcinoma of the bieast seen 
from 1933 1943, luclusive We found 167 cases which fell into the cate- 

gorically inoperable group Of these, 100 were treated by the loutine radical 
mastectomy or some similar radical operative piocedure, and the remaining 67 
were treated only by roentgen-iay 

In Table I we have classified these 100 operative cases accoiding to the 
category of inoperability into which the}'^ fell 

It IS obvious fioni Table I that many of these patients veie categorically 
inopeiable because of two or more signs of advanced carcinoma 

In Table II we have listed the various forms of therap) used in these cases 
All consisted of some form of mastectom}’’ 

Of the 100 cases which had one of the radical operative procedures as 
shown in Table 11 , only two vere nell and chnicall^^ free of carcinoma at the 
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end of five years , one for 8 years, and the other for 14 years Both of these 
survivals were those in the category of a carcinoma of the breast associated 
with pregnancy or lactation Inasmuch as our senes contained a total of but 
three cases m this category, we consider these two survivals rather important, 
and therefore include the following brief clinical lecords of each 

CASE HISTORIES 

M B , Hospital No 78734 A 40-year-old white female, who had had 12 previous 
pregnancies, three of which terminated in spontaneous abortions, was first seen m the 
Barnard Hospital dispensary November 20, 1939 At that time she was diagnosed clin- 
ically as having carcinoma of the left breast, with axillary metastasis She was advised 
to enter the hospital for radical mastectomy This she refused, and in February, 1940, 


Table H — Type of Tieatmcnt 


No o’’ Patien s 


1 Radical mastectomy with knife 34 

2 Radical mastectomy with knife plus routine postoperative roentgenotherapy 10 

3 Radical mastectomy with knife plus irradiation when signs of recurrence appear 2 1 

\ Simple mastectomy with knife plus routine postoperative roentgenotherapy S 

5 Preoperative roentgenotherapy plus radical mastectomy with knife plus 

roentgen treatment when signs of recurrence appear 3 

6 Preoperative roentgen ray plus radical mastectomy plus routine postoperative 

roentgenotherapy S 

7 Preoperative roentgenotherapv plus simple mastectomy plus routine post- 

operative roentgen treatment 1 

8 Preoperative roentgenotherapy plus radical mastectomy 6 

9 Simple mastectomy with actual cautery 1 

10 Radical mastectomy plus routine postoperative roentgenotherapy including 

roentgen castration 1 

11 Shoulder-girdle amputation 1 

12 Radical mastectomy with actual cautery 4 

13 Radical mastectomy with knife plus roentgen castration 1 

14 Simple mastectomy plus axillary-gland dissection (pectoral muscles left intact) 1 

15 Radical mastectomy with actual cautery plus routine postoperative roentgen- 

otherapy 1 

16 Radical mastectomy with actual cautery plus roentgenotherapy when signs of 

recurrence appear 3 

17 Preoperative roentgenotherapy plus radical mastectomy including supra- 

clavicular dissection 1 

18 Radical mastectomy with knife plus supraclavicular dissection 1 


became pregnant In May, 1940, she had a spontaneous abortion In October, 1940, she 
was admitted to the hospital and had a left radical mastectomy — ii months after the 
original diagnosis The pathologic diagnosis was adenocarcinoma of the left breast, with 
axillary lymph-node metastasis She was last seen on October 26, 1948, at which time she 
showed no signs of local recurrence or metastasis of the carcinoma 

A N , Hospital No 57664 A 37-year-old white female, who had had 14 previous 
pregnancies, two of which terminated in spontaneous abortions, and one in a stillbirth 
She was first seen in the Barnard Hospital dispensary April iS, 1934 Her baby was two 
months old and she had developed a lump in her right breast two months before the baby 
was born Seven weeks before the patient came to the dispensary the baby was weaned On 
May 15, 1934, three months after the birth of her child, she had a right radical 
mastectomy The pathologic diagnosis was adenocarcinoma of the right breast, with 
axillary lymph-node metastasis Eighteen months after the operation, she gave birth to 
another full-term child She was last seen April 6, 1948, at which time there were no 
Signs of local recurrence or metastasis of the breast carcinoma 
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The question of whether or not patients with categorical^ inoperable car- 
cinoma of the breast actually have their lives shortened b}'- radical mastectomy 
IS an impoitant one Haagensen and Stout believe that the life expectancy is 
mateiially shortened in the majority of instances This is based on their figures 
comparing the length of life of the categorically inoperable cases who had 
radical mastectomy with a gioup of untreated carcinomas of the bieast The 
sunnval time is figured fiom the onset of S3miptoms to the time of death 

In Table III we have compared the total duration of the disease m oui 
two groups of cases with those of Haagensen and Stout Also included are 
figui es from various gi oups of untreated cases ^ 


Table III — Mean Total Duration of Breast Carcinoma — Onset to Death — in Vatwus 

Gioups of Cases 

273 untreated cases 39 6 mean duration m months 

243 untreated cases 39 8 mean duration in months 

100 untreated cases 40 5 mean duration in months 

61 untreated cases 36 5 mean duration in months 

59 untreated cases 32 1 mean duration in months 

26 untreated cases 32 46 mean duration in months 

15 untreated cases 30 2 mean duration in months 


Total 777 untreated cases 38 55 Average 

B 118 Presbyterian Hospital cases regarded as inoperable and denied 

surgery and irradiation 42 3 months 

C 104 Presbyterian Hospital cases regarded as operable and treated bv 
radical mastectomy but now classified as inoperable according 
to Haagensen-Stout criteria 32 3 months 

D 100 Barnard Free Skin and Cancer Hospital cases regarded as in- 
operable by the Haagensen-Stout criteria who had the type of 
treatment shown in Table II 36 3 months 

E 67 Barnard Free Skin and Cancer Hospital cases regarded as in- 
operable by the Haagensen-Stout criteria who had roentgeno- 
therapy alone ^4 2 months 


A Wyard 

Lazarus-Barlow 
Daland 
Beatson 
Powell White 
Leeds 

Carter-Braine 


DISCUSSION 

Throughout the years, thousands of cases of caicmoma of the breast have 
been reported These cases have at times been grouped according to rather 
elastic classifications as to the anatomic, pathologic or clinical degree of the 
disease We feel that Haagensen and Stout have described definite signs of 
the advancement of carcinoma of the breast so conclusively that any worker in 
this field could use their classification with considerable accuracy The various 
senes of statistics in breast malignancy would certainly be more comparable 
if they were grouped according to these standards 

The question of whether or not a category of inoperability, in technically 
operable cases, is justifiable, is of extreme importance The fact that we had 
only two possible cures in our series certainly indicates the poor results which 
can be expected fiom patients falling into this category Strangely enough, 
both of these survivals were in cases associated with pregnancy Harrington® 
reports more encouraging results in the treatment of cancer of the breast in 
the course of piegnancy or lactation Haagensen® also recently pointed out that- 
“it may be that our (Haagensen and Stout) group of cases was a particularly 
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unfoitunate one, and that ladical mastectomy is justified in these patients, 
piovided, of course, that the disease is locally operable” 

The 363 months average suivival of oui opeiated cases is quite close to 
that of 323 months of these repoited fiom the Presbyteiian Hospital The 
Barnard cases treated by roentgen-ray alone had an aveiage survival of 342 
months This is somewhat shoiter than the Presbyterian Hospital cases, which 
weie denied surgeiy and radiation (423 months) 

Thus we may say that, as a rule, cases of breast malignancy which fall into 
the Haagensen-Stout categoiy of iiiopei ability will not profit by radical sur- 
gery At this time cases of hi east cancel occurring duiing pregnancy or lacta- 
tion ma}^ be an exception to the rule It is also possible that othei cnteria of 
mopei ability may be proved to be questionable However, only by classifying 
cases against definite standaids of involvement will it be possible to airive 
ultimately at ceitain standards of the most beneficial treatment 

SUMMARY 

1 The survival rates of 167 cases of carcinoma of the breast categoi ically 
inoperable according to the classification of Haagensen and Stout, have been 
studied 

2 Of the 100 cases which weie tieated piimarily by some form of mas- 
tectomy, only two were alive and well after five yeais Both of these cases 
were of cancer of the hi east associated with pregnancy The average survival 
time of these 100 cases was 36 3 months 

3 Only groups of cases reported accoiding to standardized anatomic, 
clinical and pathologic signs of advancement of the disease have any real value 
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FOR EXPERIMENTS ON THE KIDNEY=^ 
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Louisville, Ky 

FROM THE DEPARTMENT OF PHAR^L^COLOG\ UNIVERSITY OF LOUISVILLE SCHOOL OF MEDICINE 

INTRODUCTION 

1 1 HAS BEEN NECESSARY to cxteiiorize the vesical tiigone for compaiison 
of cleaiances the deneivated, tiansplanted kidney with the intact contiol in 
trained iinanesthetised dogs (Maluf, 1943) During the past year we have 
exteiioiized, successfull}^ the trigones of ovei 20 dogs and the technic has 
been standardized 

Exterioiization of the tiigone ma}^ be essential to the success of certain 
experiments 

1 It permits collection of uiine from each ureter of unanesthetised 
animals Catheterization of the ureteis of unanesthetized dogs b}^ cystoscopy 
is difficult if not, at tunes, impossible In the male dog this is impossible with 
extant equipment When a uietei is cathetenzed, even once, 111 me is apt to 
trickle around the ureteral catheter and thus vitiate quantitative collection 
Furthermore, ureteial catheterization may evoke reflex vascular changes in 
the kidne}'- and is likely to introduce infection 

2 The test kidney can be simultaneously compared with the control as 
standard One may observe the effects of drugs on a denervated kidney as 
compared with the control, 01 may study the results of suigical procedures 
or various stimuli on one kidney as compared with the control (Maluf, 1949a) 

3 One can actually see immediate changes in urinary flow such as may 
‘occur undei conditions which result in anuiia 01 its relief, for example, in 

shock, during recoA'^ery from shock, during intravenous hemoglobin infusions 
in states of dehydration or shock and during infusions fiom othei intra- 
venous diips 

4 Urine can be collected quantitatively duiing short intervals, such as 
five minutes 


material 

Only female dogs were used Males would necessitate total resection of 
the penis and thus complicate the piocedure Short-haired dogs were preferred 
because the urine Avould not be as likely to excoriate, as with long-haired 
animals 


PROCEDURE 

Anesthesia was by intiavenous sodium pentobaibital (from 30 to 32 
mg /Kg ) The skin of the groins, the inner thighs, the suprapubic region, 
and the lower half of the abdomen is shaved wnthout abrasion so as to reduce 

Submitted foF publication, October, 194S 

43 




N S R MALUF 


Ann'ils of Surger\ 
July 1949 


subsequent cutaneous complications from urine Cleansing is done gently with 
acetone and then aqueous zephiran, i i,ooo Asepsis is preserved 

The ureters, bladder and most of the urethia of the dog are intrapentoneal 
organs (Fig 3) The meso-ui etei fuses with the meso-uterus and mesovagina 



Fig I — ^The intra-abdommal portion of the urethra fully mobilized prior to its 
ligation and division at the caudal end The caudal end is at the right 

Fig 2 — Bladder partly distended and reflected caudad (toward the right of the 
picture), showing the right ureter, u, entering the bladder (at the left of the picture) 
and fine ligatures applied to the longitudinal blood vessels about 2 cm from the 
entrance of the ureters 

Fig 3 — ^Lower urinary tract of a female dog exposed to advantage B, bladder, 
Ui and U2, ureters, uth urethra, 11m, meso-ureter, inth, meso-urethra , a, arteries to 
the bladder 

Fig 4 — ^Equipment for collection of urine Suction is applied in the direction of 
the arrow 


dorsally The meso-urethra arises bilaterally from each dorsolateral margin 
of the urethra and is continuous with the meso-ureter The arteries to the 
bladder, which are branches of the infenor mesenteric artery and of the 
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internal pudendal branch of the hypogastric, pass to the bladder in the 
meso-ureter (Fig 3) 

The median longitudinal abdominal incision, from 8 to 10 cm long, 
extends caudad to the pubic symphysis The bladder, usually partially dis- 
tended with urine, is delivered through the wound The practically bloodless 
urachus, which joins the ventral median surface of the bladder to the umbilicus 
and to the midline of the ventral abdominal wall caudal to the umbilicus, is 
divided The ureters are identified and the membrane with free border, which 
extends between ureter and bladder (Fig i) and which carries a vesical 
branch of the hypogastric aitery, is divided between clamps close to the 
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Figs 5, 6 and 7 — The exteriorized vesical trigone with the adjacent central portion 
of the bladder and the urethra in three dogs 

Fig 8 — Collection of urine from the external ureteral orifices of an unanesthet- 
ized dog 


bladder, and hemostatic ligatures are applied The urethra is identified and 
freed with a curved dissecting scissors from its laterodorsal mesentery on 
each side and from adjacent fatty tissue, it is mobilized as far distally as 
possible (Fig i) and ligated with 2-0 silk at its distal end 

A hemostatic clamp is applied to the urethra immediatety proximal to the 
ligature and the urethra is divided between clamp and ligature Care is taken 
to preserve the branches of the inferior mesenteric and internal pudendal 
arteries which enter the trigone between ureter and urethra on each side 
These vessels, however, may not be essential to the viability of the trigone and 
the adjacent urethra Thus, in one animal, all vessels vere dn ided v Inch enter 
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the bladder, its trigone, and the transected urethra so that the explanted 
trigone, the adjacent central portion of the bladder and the urethra were 
attached to the animal solely by the meters The trigone and urethra never- 
theless remained pink and healthy although supplied exclusively by intramural 
ureteral vessels 

W ith a fine-curved intestinal needle, ligatures of 4-0 silk are applied to the 
vessels which run longitudinally on the surface of the bladder at about 2 cm 
from the entrance of the ureters into the bladder (Fig i) The abdomen is 
closed about the mobilized exteriorized bladder without strangulating it 01 
obstructing the urethra In closing, sutures are not applied to the peritoneum, 
as they are useless caudal to the semilunar line 

The rectus abdominis muscle is approximated by sutures and the strong 
anterior rectus sheath" is united by closety set ligatures of 3-0 silk , the subcu- 
taneous tissues are apposed by 4-0 silk The skin is not closed as yet 

Two Allis clamps are applied to the apex of the vesical fundus and the 
fundus IS punctured with a knife between the clamps The urine is allowed 
to flow over a towel until the bladder is empty , the towel is then discarded 
With a cutting cautery, the bladder is cut thiough its thickness along the line 
of the urachus and downward so as to slit the urethia longitudinally along its 
ventral surface The clamp on the distal end of the urethra is removed and 
cautery applied to this end of the urethra to prevent bleeding The bladder is 
then trimmed off a few millimeters distal to the line circumscribed by the row 
of fine ligatures (Fig 2) 

A narrow crescentic strip of skin is trimmed from each maigin of the 
cutaneous incision The bladder and the mobilized urethra are sewn to the 
skin by everting" mattress sutures alternating with simple sutures, both of 
4-0 silk The ureteral orifices are examined for emission of urine If the 
bladder is cyanotic and no urine appears from the ureters, a suture or two 
should be removed from the rectus sheath to relieve obstruction The final 
result IS an explantation of the central portion of the bladder, including the 
trigone and proximal portion of the urethra, to the skin of the ventral 
abdominal wall The explant is covered with sterile gauze and dressed with a 
dry, sterile towel The dressing is removed after 24 hours The stitches are 
removed on the sixth day Samples of the finished products appear in Figures 
5, 6, and 7 

The skin of the inner thighs and the lower abdomen was treated with 70 
volumes per cent ethyl alcohol once or twice daily This tended to prevent 
cutaneous necrosis and sloughing due to urine Animals which frequently 
licked their explant did best in the long run If a cutaneous cicatiix developed 
about the exteriorized bladder, thus inverting it, the scar was cut painlessly 
with a knife 

COLIiECTION OE URINE 

The urine from each ureter was collected by suction into a 50 cc round- 
bottomed centrifuge tube by the equipment shown in Figure 4 This amount 
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of suction causes inappreciable evaporation of urine from the collecting tubes 
during diuretic flows During antidiuretic flows, eiaporation is appreciable 
during collections ot 15 or more minutes The values foi lenal clearance 
are not altered by evaporation, hovever, because, when the volume of urine 
IS reduced by evaporation, the concentration of solutes rises propoi lionately so 
that the pioduct of the concentration and the volume lemain constant 

The ends of the glass tubing which weie applied to the ureteial orifices 
(Fig 8) were flared out into conical cups by a torch flame and a cone-shaped 
piece of carbon 

When catheters, wdiistle-tip 01 Braasch-bulb, were inserted into the 
ureteis, urine tiickled around the catheter and thus collection could not be 
complete This, and the risk of letrograde pyelonephiitis, caused abandon- 
ment of the method 



Fig 9 — Uiine spin ting from the external orifices during marked diuresis 


The distance between the external lueteral orifices varied considerably 
and in an unpredictable manner foi a given size of mongrel In animals 
vaiying between 8 and 19 Kg the oiifices weie fiom 3 to 14 mm apart 

DISCUSSION 

Renal function in dogs with an exteriorized tiigone was measured at 
intervals foi a few months after extenoiization P}elonephiitis, as indicated 
b} a 1 eduction in eftective renal blood-flow\ glomerular filtiation, and maximal 
tubulai actnit}'^ developed onh in a minoiiU and this piobably due to neglect 
in daih attention to the explant and only iriegulai forcing of fluids In 
stomach-tube 

Witbin 60 to 90 minutes after administration of 50 cc watei pei Kg In 
stomach-tube the urine usuall) spurted from the ureters as a fountam- 
displcu (Fig 9) The spurts from each uretei typicalK alternated, e\en 
when the \olume-flow fiom both kidneys was significanth unequal The 
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spurts, however, were not absolutely regular in time or alternation, thus making 
central control appear unlikely 

BILATEEAL CUTANEOUS URETEROSTOMY 

Bilateral cutaneous ureterostomy was performed in three animals The 
ureters were divided close to the bladder and mobilized for several centimeters 
There is an adequate intra-ureteral arterial supply, from the renal and ovarian 
or spermatic arteries, which assures normal motility in spite of distal mobili- 
zation Spurting vessels at the divided end of the ureter were carefully ligated 
with fine 4-0 silk The ureters were brought out through ventrolateral stab 
wounds, without torsion and under optimal stretch, they were stitched to 
the skin by 4-0 silk, which was passed through only the ureteral adventitia by 
a fine-curved intestinal needle Nevertheless, the exteriorized portions of the 
ureters tended to become edematous and scarred within a few days and thus 
to obstruct the normal outflow of urine In man this is obviated by maintain- 
ing a catheter in the ureter until healing is complete , in the dog this was not 
feasible This method of collecting urine separately from each kidney was 
therefore abandoned 


SUMMARY 

A method of exteriorizing the canine vesical trigone, with adjacent bladder 
and urethra, and the manner of collecting urine from each external ureteral 
orifice are described 

REFERENCES 

1 Maluf, N S R Role of the Renal Innervation m Renal Tubular Function Am J 
Physiol, 139 103-108, 1943 

- A Study of Nepho-omentopexies with Parallel Measurements of Renal 

Dynamics Am Surg, ig49a 

® Factors Inducing Renal Shutdown from Hemolysed Red Cells, an 

Experimental Study Am J Physiol , I949b (m press) 


48 



FACTORS INDUCING RENAL SHUT-DOWN FROM LYSED 
ERYTHROCYTES AN EXPERIMENTAL STUDY- 

N S R Malup, ms Ph D , M D 

Louisville, Kektuckt 

PROM THE department OF PHARMACOLOGY UNIVERSITY OF LOUISVILLE SCHOOL OF MEDICINE 

I INTRODUCTION 

Patients to whom transfusions of blood are given aie usually in 
shock In acute cases, the arterial pressuie is often subnormal and the cardiac 
output typically diminished The renal blood flow, m shock, does not remain 
a constant fraction of the cardiac output but falls actually more than the 
cardiac output This is true not only m shock from hemorrhage (Cournand, 
et al , Lauson, et al and chronic blood loss (Bradley and Bradley^) but 
also when the cardiac output is subnormal m spite of hypervolemia, as may 
occur m myocardial failure (MerrilF^, Mokotoff, et al^^) 

Individuals with chronic seveie anemia may have a normal arterial pres- 
sure, an actually elevated cardiac output, an elevated venous pressure, but a 
remarkably low blood volume ( Sharpey-Schaf er^° , McMichaeP*^) Cardiac 
output, then, is maintained by the nse in venous pressure probably caused by 
a generalized constriction of capillaries and venules including renal vessels 
In short, patients for whom blood transfusion is indicated have a contracted 
renal vascular bed and a diminished rate of glomeiular filtration A decreased 
effective renal blood flow m the absence of intimsic renal damage is piobably 
our most sensitive index of shock, especially of “chronic shock ” 

Intravenous administration of moderate amounts of hemoglobin or of 
lysed homologous or autologous red cells to normal man (O’Shaughnessy, 
et al and normal dog may not be as nocuous as is generally believed This 
suggests that patients who have undergone renal failure fiom a pint or less of 
incompatible blood piobably had initial renal ischemia from a diminished 
blood volume 

Thus we set out to find factors which piomote renal shut-down from 
lysed red cells and to locate the mechanism of the shut-dowm 

II METHODS 

1 Exteiiouzahon of the vesical tiigone and collection of urine has been 
described m the preceding paper (MaluU®) 

2 Renal Denei-vation The kidney was delivered through a subcostal 
incision The perinephric tissue was dissected away until the kidney was 
attached to the body solely by its arter}, \ein and uretei The renal arter} 
and vein w ere carefully freed from their ad\ entitia, by a fine w atchmaker’s 
forceps, for a distance of about i 5 cm from the hilum The ureter was freed 
from connectne tissue for a like distance The stripped ressels and ureter 

* Submitted for publication, October, 10^8 
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were painted with 50 per cent phenol m ethanol As soon as the phenol tar- 
nished the vessels it was washed off with alcohol and aqueous zephiran 

To find whether the above method produces effective denervation, one 
kidne}^ was so treated and the other left intact A few days later renal clear- 
ances were measured simultaneously from each kidney before and after a 
large intravenous dose of epinephrine hydrochloiide (022 mg /Kg ) There 
resulted a marked reduction of effective renal blood flow and glomerular 
filtration in the denervated but not in the normal kidney (for details see 
Maluf, 1949®’^) This potentiation to epinephrine has been described by 
Schneider and Wildbolz^^ and Kubicek and others Thanks to the exterior- 
ized vesical trigone it was possible, in our work, to use the normal kidney as 
control for the contralateral denervated organ in the unanesthetized animal 

3 Renal Function (a) Maximal concentiation and dilution Water was 
withdrawn from the cage at about 6 pm Next morning the antidiuretic 
urine was collected in one scoop after it had collected in the groin of the supine 
animal, hence there could be no increase in concentration by application of 
prolonged suction Diuresis was produced by the administration of 50 cc tepid 
tap water per Kg by stomach tube The specific gravity was measured pykno- 
metrically in a small thin-walled pipette with pointed tip and internal constric- 
tion so as to contain from o 3 to i o cc of liquid 

(b) Gloineiidai fUtiatwn, effective lenal blood flozu and tubulai maximiini 
foi pai a-aininohippui ate have been measured as described elsewhere (Maluf, 
I949b®^) All measurements were made on unanesthetized trained animals 

4 Lysed Eiythiocytes Blood was collected aseptically from the femoral 
artery, which was exposed and painted with formalin to kill organisms which 
may have entered with the cutaneous incision (Pope et al The erythro- 
cytes were allowed to sediment in a refrigerator, if they did not sedimen ade- 
quately they were centrifuged The blood was used within a few days of 
collection Within half an hour before infusion, the plasma was aspirated 
and the cells lysed by adding one and one-half times their volume of 
apvrogenic distilled water The hemolysate was transferred through a gauze 
filter to an Upjohn transfusion bottle containing sodium chloride for isoton- 
icity The drip was at about 12 cc per minute into an external jugular vein 
If the dog became too dyspneic after about 600 cc had entered, it was allowed 
up for a few minutes and then the infusion was completed At the end of the 
infusion the hemolysate showed only a trace of methemoglobin spectrophoto- 
metrically Since free hemoglobin in solution steadily changes into methemo- 
globm (Amberson, et al^), the hemolysate was used immediately Cultures 
of the hemolysate on blood agar and m enriched broth showed no growth 

5 Histamine shock lasting over one and one-half hours was produced by 
subcutaneous injection of histamine dihydrochlonde suspended m cottonseed 
oil and lanolin (Hueper and Ichniowski") 

6 Inti a-aoi tic Injection zmth India Ink Higgins’ India ink was diluted 
I I with 18 per cent sodium chloride Under nembutal (30 mg /Kg), a 
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midline laparotomy was performed carefully and almost bloodlessly Twenty 
cc of the diluted ink were injected in retrograde fashion through a hent needle 
into the aorta immediately caudal to the renal arteries The renal pedicles ere 
tightly clamped within half a minute of the injection Care was taken to avoid 
pressure on the kidneys and any mobilization of the kidneys until the injection 
was over and the pedicles clamped A No 20 needle vas usually used and this 
caused severe bleeding after its withdrawal unless the aorta was then clamped 
proximally When the pedicle clamps were applied too late, as occurred occa- 
sionally m the earlier trials on normal dogs, the cortex sometimes stained less 
than the medulla This was jDresumahly due to a washing away of ink by the 
inflow of unstained blood into the cortex on its way to the medulla a phenom- 
enon noted by Trueta, et al by roentgenography When digital pressure was 
applied to a portion of the lenal cortex during the injection, that local portion 
failed to be injected 


HI RESULTS 

1 Effects of Iithavasculaily Injected Lysed Ei yth ocytes on Renal 
Funchon Four normally hydrated dogs received relatively large doses of 
freshly lysed canine erythrocytes m isotonic sodium chloride intravenously 
The dog 111 the sample protocol below received about 5 8 Gm of free hemo- 
globin per Kg A dog has i 2 times as much lenal mass per unit of body 
weight as a man , furthermore, a dog’s kidney is about twice as active as a 
man’s per unit of renal weight Thus, relative to the magnitudes of glomer- 
ular filtration and effective renal blood flow, this would he equivalent to giving 

^58x70 \ 

about 169 Gm of hemoglobin to a 70-Kg man | = 169 I This is 

\ I 2x2 / 

the amount of hemoglohm contained m about i d. liteis of blood at 12 
Gm /loo cc 

These dogs had received 50 cc of tap water by stomach tube every few 
days to flush their kidneys and prevent retrograde infection fiom their 
exteriorized trigone Urinary pH during diuresis was betw^een 50 and 60 
Their diet w^as a mixture of horse meat and cereal The pH at the exterior- 
ized bladder during antidiuresis was alkaline, doubtless liecause of the 
ammonia pioduced by urea-splitting bacteria 

Measurements of lenal function (glomerular filtration, eflective renal 
blood flow', tuhulai maximum for para-aminolujipurate, and maximal con- 
centrating and diluting pow'er of the kidneys) sliowed practicall\ no change 
from one day to se\eral days after the infusion 


PROTOCOL 

28 Juh, 1947 Female mongrel, 156 Kg Vesical trigone exteriorized 
18 August Measurements of antidinrctic and diuretic urmarj flow and specific 

graMtj (Fig i) 
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29 August Renal function as follows 

Glomerular filtration = 

Glomerular filtration = 

Effective renal blood flow = 

Effective renal blood flow = 

Tubular maximum for PAH = 
Tubular maximum for PAH = 
Diuretic urinary flows = 

Diuretic urinary flows = 

pH of urine in diuresis = 

Hematocrit = 

Blood urea = 


40 cc/min (left kidney) 

42 6 cc /mm (right kidney) 

186 cc /mm (left kidney) 

193 cc/mm (right kidney) 

II 6 mg /mm (left kidney) 

10 I mg /mm (right kidney) 

3 34-4 28 cc /mm (left kidney) 

3 14-3 70 cc /mm (right kidney) 
60 

404 vol % 

38 mg/ioo cc 


8 September 
Minutes 
0-75 


80-85 


90-94 


94 


95 

13s 

345 


Next Morning 


270 mg nembutal, s c , for sedation 

lj070 cc of freshly lysed red cells m isotomc saline through external 
jugular vein (= 73 8 cc /Kg and 5 8 Gm Hgb /Kg ) The urine was 
brick-red ivithm 5 minutes after beginning the infusion Diuresis 
set m 

No shivering 

Rates of urinary flow 
2 18 cc /minutes from left ureter 
2 80 cc /minutes from right ureter 
Rates of urinary flow 
2 2 cc /minutes from left ureter 
2 9 cc /minutes from right ureter 
No casts in urine 

Vomits food eaten 3 hours before infusion (The dogs which were 
not fed on the day of infusion and which received red cells lysed by 
apyrogenic distilled water did not vomit or retch on the same day 
after the infusion , see protocols below) 

Walks to cage in good condition 

Vomits more of food eaten before the infusion Drinks water 

Retches occasionally Active and alert Red stream of urine 
from cage to gutter about 3 meters away , still urinating amply Water 
removed from cage Has drunk 500 cc water m 165 minutes 

Feces normal m color and consistency, sclerae normal in color 
No further vonutmg 

About 260 cc dark-red, thick urine in pan below cage Hemo- 
chromogen still prominent in urine Holds 800 cc tap water given by 
stomach tube to evoke diuresis 


Renal function as follows 

Glomerular filtration = 37 6 cc/min (left kidney) 

Glomerular filtration =424 cc/mm (right kidney) 

Effective renal blood flow = 208 cc /mm (left kidney) 

Effective renal blood flow = 222 cc/mm (right kidney) 

Tubular maximum for PAH = 12 mg /min (left kidney) 
Tubular maximum for PAH = 14 i mg /min (right kidney) 
Diuretic urinary flows = i 61-2 1 cc /mm (left kidney) 

Diuretic urinary flows = 17-25 cc /min (right kidney) 

pH of diuretic urine = 6 to 6 5 

No casts in urine 
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13 Sept No water since evening before in preparation for concentration 

and dilution tests 

Sp Gr = 1 004 to I 047 (left kidney) 

Sp Gr = I 002 to I 053 (right kidney) 

Can concentrate and dilute as before the infusion (also Fig i) 

21 Sept Both kidneys again show normal concentrating and diluting power 

Dog remains healthy 



Fig r — Diuretic and antidiuretic urmar} flow s and specific gra\ ities before and 
after ingestion of a large quantity of water in a normally hydrated dog before (upper 
graph) and one day after (lower graph) the infusion of lysed red cells Free hemoglobin 
receued 6 Gm./Kg Maximal and minimal concentrating power is still present after 
the infusion 


2 Effects of Intiavasculaily Injected Lysed Ei yUnocytes Plus Dehydia- 
hon on Renal Function There was a marked difference between the effects of 
mtravascularly injected hsed red cells into well Indrated and into se\crel\ 
dehydrated dogs The former Ined without olnioiis renal injury The latter 
became amine or oliguric and undcrw ent sc\ ere renal damage Below 
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exemplary protocol out of six, all of which had a uniform outcome To study 
their renal circulation in the anuric or oliguric phase, the dogs u ere sacrificed 
before a piobable uremic death 

Dehydration was continued until the urinary flow was 0 006 cc /Kg /min , 
this being the value found by Harrison and others^® to foster renal shut-down 
from 4 Gm of hemoglobin per Kg or from i Gm of methemoglobm per Kg 

Any fall in blood volume, which probably occuried during dehydration, 
was more than fully compensated by the intravenous injection of the hemoly- 
sate The volume infused was about two-thirds of the theoietical normal 
blood volume and the external jugular veins became engorged The arterial 
pressure was always normal, as indicated by the prominently visible femoral 
pulse Consequently, the postinfusion renal shut-down could not have been 
due to hypopiesia 

One dog underwent ienal dcneivotion about two weeks before receiving 
the infusion This conspicuously failed to prevent renal failure 


27 Mar 48 
12 May 


13 May 

16 May 
18 May 
A M 


Early p m 
M inutes 
o 

TO 

40 
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75 

iiS 

26s 

32s 

Next morning 


PROTOCOL, 

Female mongrel , 12 Kg Vesical trigone exteriorized 
Renal function as follows 
Glomerular filtration = 35 i cc /min 

Effective renal blood flow = 226 cc /min 
Tubular maximum for PAH =81 mg /min 
Diuretic urinary flow — i 76-2 88 cc /mm 

NPN = 57 mg/100 cc 
Hct = 32 vol per cent 

Watci out of cage m am , commcncemcni of dchxdtatwn 
Weight = n 8 Kg 
Refuses food for first time 

Mouth and nostrils parched , temples, cheeks and eyes sunken 

Urinary flow = 0005 cc/Kg/min 

Weight =104 Kg 

Hct =389 vol per cent 

NPN — 31 mg/ 100 cc plasma 

TOO mg nembutal S C for sedation 

Iiifuswit of Ivsed icd ccll^ tn isofomc N^aCl begun 
Reddish-Jbrown pigment in urine 

Diuresis begins , about 420 cc of hemolysate in , dog dyspneic, 

struggles and whimpers, contralateral jugular vein is distended 

Infusion discontinued Dog allowed about 

Dyspnea ceases , mfusion recommenced 

Mild diuresis continues with dark brown-red pigment 

Total amount infused = 555 cc , = 53 3 cc /Kg and 2 Gm Hgb /Kg 

Animal drowsy, sleeping m cage, external jugular veins distended, 

no vomiting 

About 50 cc “black water” in pan below cage Less drowsy , allowed 
SO cc ater by mouth 

No ^onlltlng as yet allowed another 50 cc water by mouth 
No fluid in pan under cage, thighs quite dry 

Markedly oliguric, less than 0004 cc urine per min , urine dark 
brown and turbid Alert but weak. 
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Drank 950 cc milk 

Allowed 300 cc water, which was soon vomited together with some 
of the milk drunk two hours ago 

No urine from ureteral orifices, even on dilating orifices 
T = loi 7°F (normal) , R = 19/min 

External jugular veins are prominent when Ijung down but dog still 
appears strikingly dehj^drated and emaciated Drowsy but readily 
awakened Ins tinged red 

Weight = II 3 Kg NPN =156 mg 

Hct =395 vol per cent 

Hgb in plasma is almost as intense as in infusion solution 
Sfill anuiic 

Nembutal 30 mg /Kg I V for anesthesia 

Laparotomy (midline without blood loss) liver not enlarged, \iscera 
grossly normal , stomach distended with about 400 cc curdled milk and 
some gas Gross appearance of kidney normal 20 cc of India ink, 
which had been diluted with an equal volume of i 8 per cent NaCl, 
were injected rapidly and in retrograde fashion into the abdominal 
aorta somewhat caudal to the right renal artery The renal pedicle 
was then clamped immediatelj’’ The renal cortex was as well injected 
as the medulla (Fig 6) The renal capsule was not under tension 

The kidney was fixed in lo per cent foimalin Frozen sections (8/i and 
25 /ia) weie immersed in water to uncuil Temporary preparations were cov- 
ered with a droplet of water and a coverslip The loops of the glomerular 
tuft were well filled with India ink (Figs 2 and 3), vhich was restricted 
entirely to the blood vessels There were numerous eosinophilic casts filling 
practically every collecting tubule in the field (Fig 4) Elongate, light-brown 
oystols, piobably of methemoglobin, were numerous in the tubular lumina 
(Fig 5) The tubules were not dilated There was intracellular pigment and, 
as showm by H and E mounts, no “low er nephron nephrosis ” 

In anothei dog, a i6-Kg pointer which had received 3 2 Gm of hemo- 
globin pel Kg as lysed red cells, there w^as an appreciable urinary flow of 
o 187 cc pel minute by the second postinfusion day, this animal never having 
become anuiic As a gauge of renal function, howevei, this flow wmuld be 
misleading since the plasma NPN was 182 mg /loo cc , there was an almost 
hundied-fold reduction of glomeiulai filtration (98 cc per minute initially, 
dowMi to I 14 cc per minute on the second postinfusion day) and of 
effective lenal blood flow (761 cc pei minute initially, dow'n to 64 cc per 
minute on the second postinfusion day) , and theie w^as a failure to concen- 
tiate uiine as shown by a low specific gravity and a unne-plasma-cieatinine 
ratio of only 6 These values contrast stnkingh wnth the oliguria of normal 
kidneys, in w'liich there is maximal concentration during severe delndration 
Thus the ui ine-plasma-creatinine ratio of dogs subjected to comparable deh\- 
dration alone exceeds 200 (see below) Injections of India ink into the 
abdominal aoita during life showed that in these deh}drated postinfusion 
dogs, the ah white renal blood flow was ample and the anuria or oliguria 
could not be explained In renal ischemia Ain h\po\olemia which ma\ ha^e 

no 
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resulted from dehydration was more than fully compensated for by the 
infusion The injections were letiograde to avoid the objection that intrarenal 
vessels may be forced open by the small force of injection Equal deposition 
of India-ink particles in blood vessels of the renal coitex and medulla showed 
that there was no shunting of blood fiom the cortex These facts, together 
with the large number of pigmented and crystalline casts in the tubules and the 

Fig 2 Fig 3 



Fig 4 Fig 5 

Fig 2 — Glomerular tuft filled with particles of India ink injected during life into the 
aorta while the animal was anuric from intravenous administration of lysed erythrocytes 
superimposed on dehydration Kidney fixed in formalin, section while frozen, and stained 
with hematoxylin and eosin 

Fig 3 — Glomerular tuft containing particles of India ink, from same kidney as 
shown m Figure 2 , fresh, frozen preparation , not stained 

Fig 4 — Pigmented amorphous casts filling collecting tubules of same dog as is seen 
m Figure 2 Kidney fixed in formalin, sectioned while frozen, stained with hematoxylin 
and eosin 

Fig 5 — Elongate crystals, probably of methemoglobin, in the collecting tubules of the 
same dog as is seen in Figure 2 Same preparation as in Figure 4 

absence of histologic evidence of renal cellulai damage, indicate that the 
anuria or oliguria are, initially, at least, caused by tubular obstruction The 
fact that the animals were not allotved to progress and die m uremia may 
explain the absence of increased mtracapsular tension absence of histo- 
logically obwous renal cellular damage and absence of peritubular edema 

3 Effects of Dchydi atwn Alone on Renal Function It was essential to 
study the effects of dehydration alone on renal function The folloivmg protocol 
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shovirs that severe dehydration alone actually can reduce, reversibly, glomeru- 
lar filtration and effective renal blood flow by about half The specific gravity 
of the urine, however, becomes high This contrasts with the low fixed 
specific gravity in oliguria from intravascular administration of lysed red 
cells plus dehydration Parallel with the high specific gravity is the high 
urine-plasma ratio for creatinine, which contrasts with a low ratio m oliguria 
from dehydration combined with intravascularly given l)^sed red cells (see 
protocol) The renal shut-down in the latter dogs is accurately depicted not 
so much by the oliguna per se as by the great fall in glomerular filtration and 
effective renal blood flow Unilateral renal denervation in a dog, the protocol 
of which IS not presented here, did not alter the extent of reduction m renal 
function by dehydration alone 

PROTOCOL 

28 November, 1947 Female mongrel 9 3 Kg 

Exteriorization of vesical trigone NPN = 32 mg/ioo cc 
28 May, 1948 Renal function as follows 

Glomerular filtration =589 cc/min 

Effective renal blood flow = 438 cc /min 
Diuretic urinary flow = 3 2-3 89 cc /mm 

Urine-plasma ratio for creatinine = 184 
Hct = 49 2 vol per cent 

9 June Watei out of cage, commencemcni of dehydration 

14 June Rejects food for first time 

16 June Weight = 7 9 Kg NPN = 36 mg/ioo cc 

Urinary flow = 00061 cc/Kg/min 
Sp Gr = I 042 

Renal function as follows 
Glomerular filtration = 235 cc/mm 
Effective renal blood flow = 187 cc /mm 
Urinary flow = o 10 cc/min 
Urine-plasma ratio for creatinine = 235 o 
Hct =543 vol per cent 

Shortly after the abo\e measurements the dog was allowed to drink 
water as desired (== about 1,000 cc ), a large part of which was 
promptly ejected Alert and active 

No further v'omitmg One and one-half hours later it ate i pound of 
canned canine food Six hours later it ate another pound 
19 June Weight 92 Kg Hct =492 vol per cent 

Renal function as follows 
Glomerular filtration rate = 45 2 cc /mm 
Effective renal blood flow = 270 cc /mm 
Diuretic urinarj flow = i 8 cc /min 

4 Effect of hUiavascuhily Injected Lysed E) yihi ocytes Plus Shock on 
Renal Function It was important to find whether renal shut-down would 
lesult fiom the injection of lysed red cells into normallv hydrated dogs if 
shock were superimposed 

Reversible shock w'as produced b\ injecting histamine dihjdrochloride 
111 oil subcutaneously into normally Indrated dogs The infusion of hsed red 
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cells was performed when the dog was in prostrate shock Even though the 
volume of solution infused was almost as great as the theoretical circulating 
blood volume, the effect of the infusion on the shock picture was not striking 
The aiiuiia of shock changed only to a scant urinary flow during the infusion 
A few houis later, even after complete recovery from shock there was abso- 
lute anuiia oi maiked oliguria 

The oliguria caused by mtiavascularly injected lysed red cells plus shock 
IS a genuine lenal shut-dowm with at least a hundied-fold decrease m glomeru- 
lar filtration and effective lenal blood flow% a low urinary specific gravity, a 



Fig 6 Fig 7 

Fig 6 — Divided kidney of the dog which was sacrificed in anuria from intravenous 
administration of lysed red cells superimposed on dehydration (same dog as in Figs 2 
to 5) India ink was injected during life into the aorta and the renal pedicle \vas clamped 
immediately after Both the cortex and the medulla are well injected 

Fig 7 — Divided kidney of the dog which was sacrificed m anuria from intravenous 
administration of lysed red cells superimposed on histamine shock The arterial pressure 
W'as normal at this time Intra-aortic injection of India ink with immediate subsequent 
clamping of the renal pedicle resulted in equal and normal injection of both cortex 
and medulla 


low uime-plasma latio for creatinine, and a marked uiemia This tj'pe of 
oliguria IS identical with that from lysed red cells plus severe dehydration, 
and contrasts with the oliguria of seveie dehydration alone (see above) 

Injections with India ink, as described above, during the phase of post- 
shock renal shut-down, lesulted in equal and adequate injection of the renal 
cortex and medulla This indicates a normal absolute lenal blood flow and 
shoivs that the i enal shut-down cannot be due to a shunting of blood from the 
renal cortex to the medulla The casts in the tubular lumina indicate extensive 
tubular obstruction as the piimary cause of the shut-down Here again the 
marked fall in effective renal blood flow, as measured by the para-aminohip- 
purate clearance, is obviously due to inability of the tubules to allow passage 
of the hippurate because of their being obstructed 

Animals wdiich were put into shock with the above dose of histamine, but 
■which did not receive lysed red cells, recovered completelj^ although they w^ere 
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anuric for more than an hour India ink injections during the anuria from 
shock showed merely a diminished injection of the kidneys with more ink in 
the renal cortex than in the medulla Thus the anuria dining histamine shock 
IS the result of general renal ischemia and not the outcome of a shunting of 
blood from the renal cortex to the medulla 

The experiment of injecting lysed red cells into normally hydrated dogs 
m shock was done on three animals 


6 June, 1948 


7 June 

8 June 


Minutes 

0 


23 

33 

58 

68 

77-82 


78 

78-133 

134 

153 

158 

163 


168-173 

273 


296 

396-404 


660 


PROTOCOL 

Female mongrel, 13 Kg Vesical trigone had been exteriorized 
Renal function as follows 
Glomerular filtration = 50 cc/min 

Effective renal blood flow = 290 cc/min 

Weight =130 Kg Food and water withdrawn from cage at 6 i> m 
U rmarj’^ flow = o 16 cc /nun 
Sp Gr of urine = r 041 
pH of urine = 60 

Femoral arterial pulse strikingly visible through skin , exteriorized 
bladder pink, R = 20/min 

70 iiig histauunc dihydi ochloiidc (=5 nig /Kg ) in 3 cc cottonseed 
oil plus lanolin, sc through a No 18 needle, tape was applied over 
the site 
Lies prone 

Stands and ejects bile-stained vomitus 
Around and \ralking, defecates 

Lying down with eyes half closed, femoral arterial pulse no longer 
visible but thready to palpation 

Urinary output not measurable, i drop, bladder a mottled purple-red 
Dog markedly drowsy 

Blood draw now showed Hct = 43 7 vol per cent , 

NPN = 29 mg / 100 cc 

Injuswn of Ivscd camtic icd cells ui isoloutc NaCl begun 
No shivering , i to 2 drops of urine , normal in color 
Urine appears, not a copious flow, dark brown in color 
Infwnon discontinued Volume infused = 650 cc (= 50 cc /Kg and 
3 76 Gm Hgb /Kg ) 

No diuresis , urinary flow' still scant , dog licks lips . drowsy , lies prone 

Blood sample drawn now show's Hct = ai 7 aoI per cent. Plasma 

Hgb =28 Gm/ioo cc 

Dark-brow'ii urine , less tban o 02 cc /mm 

Urinary flow' still less than at 168-173 nun 

Femoral arterial pulse still not MSible but feels more forcible, dog can 
stand but prefers to lie down Bladder no longer markcdi\ c%anotic 
T = ioi”6F 
Vomits 

Femoral arterial pulse now distincth Msible although not as promi- 
nent as imtialh 

Urinary flow' less than 001 cc/min urine dark brown 

Tauiidice apparent on exposed areas of skin ciich as inner portions of 

earflaps and belh 

'\nuric Alert and actnc \tc almost i pound canned canine food, 
refused the rest Mlowcd about 200 cc water 

59 



N S R M \LUF Annals of Surgers 

July 1949 

Urinary flow = ooi cc/min, urine dark brown, jaundice increased, 
no “black water” in pan under cage during night but about 300 cc of 
what looks like chiefly vomitus Dog moderately alert and active 
Blood showed 
NPN = 1122 mg/ioo cc 
Hct = 40 3 vol per cent 
Plasma Hgb = 2 Gm /loo cc 

Drank, as desired, 140 cc water, which was vomited after 20 minutes 
Is listless , retches when offered food 

Listless but can walk T = 99 “SF Urinary flow is less than 
0006 cc /min , urine a light brown, stools not tarry, no hyperpnea 
Weight = 117 Kg T = pS^SF R = 48 
Femoral arterial pulsations visible , alert but listless , neuromuscular 
hypenrntabihty , Ghvostek Practically no fluid in pan at bottom of 
cage , a small, loose, deep-brown stool , urine a dark orange Bleeding 
time elevated 

Urinary flow = o 079 cc /min 

Sp Gr of urine = i 020 , Hct = 47 3 vol per cent 
NPN =3i2mg/ioocc 

Plasma Hgb still appreciable (less than i Gm/ioo cc ) , plasma 
stained with bile pigment 
Renal function 

Glomerular filtration = 040 cc /min 
Effective renal blood flow = i 28 cc /min 
Unne-plasma ratio for creatinine = 51 

Laparotomy midei nembutal anesthesia Subcutaneous tissues and vis- 
cera jaundiced, gastro-intestmal tract empty, renal capsule incised 
in situ and found not to be under tension , extensive oozing of blood 
from renal cortex when this was nicked slightly Kidney excised, 
deeply stained with brown pigment, pigment in medulla darker than 
in cortex When the kidney was divided and squeezed gently, more 
blood seemed to ooze from the cortex than from the medulla There 
ivas thus no evidence of renal cortical ischemia Intra-aortic India ink 
showed equal and normal injection of cortex and medulla (Fig 7) 

5 Effects of Inty avasculat Hemolysis by Distilled Watei on Renal 
Function Large amounts of apyrogenic distilled water were injected rapidly 
intravenously into noimal hydrated dogs Only mild, transient systemic effects 
resulted The four dogs so treated received an aveiage of go cc of distilled 
water per Kg in 18 minutes, which, relative to lenal activity (see above), is 
equivalent to injecting 2,600 cc into a 70-Kg man Renal function, as 
indicated by concentiation and dilution tests and by the plasma — NPN, was not 
reduced Landsteiner & Finch^® injected 200 cc of distilled water in from 
one to two minutes into patients who were not in shock and found no rise in 
blood urea Voris^^ gave 1,000 cc of distilled water intravenously to patients 
and noted no ill effects and only mild hemoglobinuria 

PKOTOCOIi 

Female mongrel, 116 Kg, vesical trigone had been exteriorized, 
normally hjdrated, no food since night before Initial NPN = 
54 mg/ioo cc 
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14 March, 1948 Left renal artery and vein divided 
17 March Evaluation of renal function 

Glomerular filtration = 337 cc / min 
Effective renal blood flow =174 cc /mm 
Tubular maximum for para-aminohippurate = 135 mg' /min 
Diuretic urinary flows = i 46-2 86 cc /min 

ro June 

2 20-2 38 p M 1,025 cc apyrogemc dulilled water were injected through a three-wa}’- 

metal cock and No 15 needle into an external jugular vein using a 
20-CC syringe, 885 cc water/Kg in 18 min The exteriorized tri- 
gone showed no immediate diuresis or obvious pigmentation of the 
urine The dog was not manifestly uncomfortable It lay down comfort- 
ably, shook itself occasionally and belched gas 
Hct -before I V = 35 7 vol per cent 
Hct -after I V = 34 6 vol per cent 
Plasma hemoglobin immediately after I V = 200 mg/ioo cc 

3 19-3 24 p M Marked diuresis 4 4 cc /minute of light reddish-brown urine Dog 

returned to cage in good condition Extensive diuresis continues 
S 30 p M Ate I pound canned canine food 

12 June NPN =41 mg/ioo cc Plasma normal m color Dog concentrates 

and dilutes urine normally 

6 Effects of Intravascular Hemolysis by Distilled JVafei Plus Shock on 
Renal Function Human beings who are not m shock have been shown to 
tolerate, without renal damage, rapid intravenous injection of at least 900 cc 
of distilled water It has been suggested that the renal shut-down and uremia 
which may follow irrigation of the bladdei with tap water during trans- 
urethral operations on the prostate gland may be due to a combination of 
shock with intravascular hemol)’'sis (Creevy & Webb,^ Landstemer and 
Finch, McLaughlin, and others^®) It has not been possible, however, to 
produce renal failure in dogs b}'' a combination of shock plus injection of 
distilled water even in quantities which one might not venture in man 

The dog of the following protocol had only one kidney, underwent 90 
minutes of absolute anuria from severe shock lasting two hours , ivas rapidly 
infused ivith 95 cc/Kg of distilled water duiing the anuria, and did not 
recover from anuria until 70 minutes after the infusion This combination of 
apparently near-maximal adverse circumstances nevertheless failed to produce 
renal failure Similar results occurred in the two other dogs so tested It i'; 
possible that overhj^dration and reversible sliock without blood loss prevented 
uremia Creevy (1947) has pointed out that aggravating factors in man ma\ 
be renal vasoconstriction from rapid blood loss, arteriosclerosis and pjelone- 
phritis This describes further imestigation 

PROTOCOL. 

Female mongrel, weight = 8 Ss Kg, \e';ica! trigone had f>een 
exteriorized 

7 Maj Right nephrcctonu 

18 !Ma\ Renal function as follows 

Glomerular filtration =489 cc /min 
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i8 June 

Minutes 

0 


7 

12 

22 

42 

63 

63 to 70 
74 to 90 


93 

95 


1 25 
160 


520 


Next morning 


Second postinfu- 
sion day 

Third postinfu- 
sion day 


Effective renal blood flow = 250 cc /min 

Tubular maximum for para-aminohippurate — 172 mg /mm 

No food or water since evening before 

Femoral arterial pulse visible through skin , exteriorized bladder pink , 
R — 22 mm 

5 mg histamme dthydt ochloude pa Kg in cottonseed oil and lanolin, 
s c over chest 

Dog lies prone and licks lips 
Gets up and defecates 
Again lies prone 
Retches 

R = 40/min Femoral arterial pulse no longer visible and faint to 

palpation, exteriorized bladder cyanotic 

Amine 

S 50 cc apyi ogeme dtst wafer I F , 1 c , 95 cc /Kg m 16 minutes 
Vomits once during procedure Defecates 
Stdl amine 

Uncomfortable, abdomen distended and rather tvmpanitic, grunts, 
stands voluntarily but unsteadily 

Blood drawn now shows NPN = 31 mg/ioo cc Hct =403 vol 
per cent. Plasma Hgb = 300 mg/ioo cc 
Dog stands but with head lowered 
Dog sfill amine, lying down 

Urinary flow sets in, browmsh-red urine, dog has had about 90 imit- 
iifcs of absolute amina Femoral pulse now forcible to palpation but 
still not visible through skin, dog lying down, no diuresis as yet 
Only 300 cc of brownish fluid m pan at bottom of cage , urine a light 
reddish-brown , is distinctly lighter than six hours ago Dog obviously 
recovered from shock but refuses food or water 
Weight — 8 2 Kg 750 cc dark brown liquid in pan at bottom of cage 
Urine is light reddish-brown 
Hct = 44 2 vol per cent 
NPN — 39mg/ioocc 
Urinary flow = o 55 cc /min 

Plasma hemoglobin somewhat below yesterday Eats pound of 
canned canine food 

Urine straw-colored and output copious, appetite normal Food and 
water out of cage at 5 p M for concentration and dilution test 
tomorrow 

Weight — 7 8 Kg , Hct — 47 vol per cent , NPN = 31 mg /loo cc 
Sp Gr of concentrated urine (at o 16 cc /mm ) — i 029 
Sp Gr of dilute urine (at 24 cc/min ) = i 004 


IV DISCUSSION 

We have shown that normally hydrated dogs may withstand intravenous 
injection of lysed canine red cells which, so far as relative degrees of renal 
activity are considered, would be equivalent to the infusion of more than a 
liter of incompatible blood into a 70-Kg man This tolerance is true in spite 
of aciduria Earlier studies which indicated a greater tolerance to hemoglobi- 
nemia in alkalmuria (Baker and Dodds, ^ for rabbits, De Gowin ef al for 
dogs) were inadequately controlled especially as to dehydration Thus, De 
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Gowin and otheis made their dogs acidotic by mixing 8 Gm of ammonium 
chloride with one-half pound of beef per day The dogs occasionally refused 
this food “for several days at a time ” Furtheimore, while 7 of the 28 dogs 
died of renal failuie, 6 died of mtei current infection As foi labbits, Yorke 
and Nauss’^® have noted the importance of dehydration m posthemoglobmemic 
anuria Anuria and death occurred in the rabbits fed dry diets but not in 
those eating green food They postulated a low glomerular filtiation pressure 
due to dehydration De Navasquez^^ and Yuile and others^' failed to reproduce 
the results of Baker and Dodds in rabbits Flink^'^ injected from foui to six 
Gm of hemoglobin per Kg into dogs and found just as seveie renal damage 
in dogs with alkahnuria as in those with aciduria When the initial concen- 
tration of hemoglobin m the plasma exceeded 3 7 Gm /lOO cc , renal insuf- 
ficiency always developed He found no diffeience between the effects of 
solutions of hemoglobin crystals and of lysed red cells Bing®’ found from 
o 5 to I Gm of hemoglobin pei Kg practically innocuous to dogs, whether m 
aciduria or alkahnuria, and that methemoglobm was relatively nocuous in 
aciduric but not in alkalinunc dogs Bing’s anunc dogs, however, ma} have 
been dehydrated as a result of laige ammonium chlonde feedings Fuithei- 
more, ammonium chloride itself, even m doses considerabl} smallei than 
Bing’s, is someuhat nephrotoxic to man (Markert’-), and especially to rabbits 
(Govan and Paikes^^) Webster and others (1935) pointed out that m the 
presence of physiologic salt concentiations, the state of aggiegation of hemo- 
globin is not influenced by pH 

O’Shaughnessy and otheis’*'^ injected mtiavenously into a j)atient with 
cancer 50 Gm of human hemoglobin in 30 minutes This is equivalent, at 
least in terms of hemoglobin, to ovei 300 cc of incompatible blood No 
obvious renal damage lesulted Gilhgan and others^'^ and Ottenberg and Fox'^' 
obtained similar results with smallei quantities of hemoglobin , howe\ ei , 
Gilligan and others noted chills, fevei and severe alidominal jiains in the 
patient leceivmg the largest quantity of stioina-fiee human hemoglobin, 
1 6 4 Gm , 7 e , only o 25 Gm per Kg 

The impoitance of dehydration in causing renal shut-down fioin homolo- 
gous hemoglobin has been shown by Yorke and Nauss'*'* and Lalich-^’ for 
rabliits and by Hairison and others-^ foi dogs The piesent work in pait 
confiiins then findings W'e have fuithei found that se\ere delndiatioii will 
reduce the effectne renal blood flow and rate of glomerular filtration in the 
dog This ma} be tine in man as is indicated by the falling uiea clearance and 
the using NPN m man’s blood during progressive delndration (Adolph and 
otheis G 

That shock plus hemoglobinenna 01 im oglobinenna can result in renal 
failure has been shown b} Coicoran and lAnge’” (1945) The present stud} 
in pai t confiiins this 

The cause of lenal shut-down from hemoglobinenna has been Inpothc- 
sized on the basis ot icnal xaNoconstiiction mechanical tubular blockao-e or 
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renal tubular damage Evidence for renal vasoconstriction by free hemoglobin 
in the blood stream was produced by Reid®® and Mason and Mann ®® Hesse 
and Filatov®^ (i933) found a fall m arterial pressure and renal volume upon 
infusion of lysed autologous blood into dogs Subsequent workers, who have 
performed the infusions aseptically, have not been able to confirm these find- 
ings (Bing,’’’ 1944, Flink,^'*' 1945, Corcoran and Page,^^ 1947) The diuresis 
which directly follows an infusion of hemoglobin solution into a normal dog 
and which tends to occur even in a dehydrated or hypopiesic dog contraindi- 
cates vasoconstriction as a primary factor in the renal shut-down 

Our studies with India ink indicate no obvious decrease in absolute renal 
blood flow during the anuria or oliguria which follows infusion of lysed red 
cells superimposed on reversible shock or dehydration Our measurements of 
the renal clearance of para-ammohippurate, however, show a very marked fall 
in effective renal blood flow These findings imply that damaged or obstructed 
tubules fail to extract the hippurate from the blood circulating through the 
renal parenchyma It is significant that these were postmfusion studies and 
that the animals had recovered completely from shock or had their blood 
volume fully replenished from any loss incuired during dehydration They 
nevertheless had marked renal shut-down These India-mk studies also show 
that this renal failure cannot be ascribed to a shunting of blood from the 
renal cortex to the medulla Such a shunt has been described by Trueta and 
others^^’ in a certain percentage of rabbits upon stimulation of the sciatic 
nerve or after injection of staphylococcal toxin 

Renal failure occurred when intravascular injection of lysed red cells 
was combined with dehydration or shock even in kidneys which had been 
denervated 

Corcoran and Page® incidentally noted that dogs m hemorrhagic shock with 
denervated kidneys responded to blood transfusion by a disproportionately 
slow and incomplete return toward normal of renal clearances They there- 
fore suggested that spinal anesthesia may actually interfere with the recovery 
of renal circulation in shock treated by transfusion 

Our dogs were sacrificed after a postmfusion period of from two to three 
days, when they were quite uremic At this stage, the renal capsule was not 
under tension and there was no histologically obvious renal cellular damage 
Many of the tubules in a field were occluded by brown casts or crystals The 
casts were best pieserved by fixing the kidney in 10 per cent formalin shortly 
after the animals were sacrificed and sectioned while frozen a few days later 
Most of the casts were lost when the kidneys weie sectioned while frozen 
without prioi fixation The loss probably occurred when the frozen sections 
were immersed m water to unroll Although there was considerable loss of 
casts in specimens carried through paraffin in Flink’s^’' studies, the majority of 
tubules were occluded by casts m dogs with serious or fatal renal damage 
This has been confirmed by Lalich®^ and Harrison and others®® Harrison 
and others teased out casts by microdissection and found that they dissolved 
rapidly in buffers below pH 5 2 and above pH 7 6 and that they had the 
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spectral propeities of niethemoglobin The studies of se\eral investigators 
including Bell/ indicate that tubular obstruction by pigmented casts is a 
piominent feature in the lenal shut-douii of the “transfusion-kidne} B> 
showing the nontenabilit} of the postulate that l}sed led cells produce renal 
cortical ischemia, by studying the kidne}S histologically nitbin the fiist tuo 
days after infusion, and by showing that dehydiation and shock are predis- 
posing factors, we are left, as our apparent sole gross explanation the 
following The mechamsm of ienal fmlme fioin the intiavasculm uitioduc- 
hon of a mode] ate quantity of lysed led cells is piimanly due to tuhulai 
obsti action fioni casts of hemochi onwgen combined zuith a low late of 
gloniet ulai filf) ation 


V SUMMARY 

1 As much as 5 8 Gm per Kg of fiee homologous hemoglobin, as lysed 
red cells, may be gnen intiavenously to a normal, well-hydrated dog without 
producing aii} stiikmg sign of ienal damage In teims of lysed red cells and 
relative to the degree of ienal activity this is equnalent to giving at least one 
htei of incompatible blood to a 70-Kg man The initial urinary pH of the 
dogs w as fi om 5 5 to 6 o 

2 When a dog is dehydrated until its urinary flow is onl) o 006 
cc /Kg /mm mtiavenous infusion of from 2 to 3 Gm per Kg of free 
hemoglobin as lysed led cells wnll lead to immediate anuria or oliguria and then 
seveie iiiemia The resultant oliguria is not of a concentrated but of a dilute 
mine A neatly normal iirinai} output may mask a severe renal shut-down, 
as indicated by a hundred-fold decrease m the late of glomerular filtration 
and efjcctwe renal blood flow 

3 The ohguiia of set ere dehydiation alone, on the other hand, is of a 
urine wnth high specific gravity Severe dehydration of the aboie extent 
results m an appioximate halving of glomeiulai filti ation and eflectue renal 
blood flow' This is reveisible on lehydration and the animal promjith 
recovers 

4 Deneu ation of a kidnej several dajs prior to deludration does not 
influence the changes mentioned m 2 and 3 

5 Intiavenous injection of from 3 to a Gm pei Kg of fiee hemoglobin 
as lysed led cells into a dog in profound le^erslble shock and amina fiom 
hislamme will lead to postshock anuria or oliguria and then to se\erc uicinia 
As m the combination of delndiation with inlrar a^^culai injection of hsed red 
cells, theie lesulls an immense fall m glomeiular filliation and effective renal 
blood flow and a low uime-plasma ratio for creatinine 

6 Intra-aoitic India-ink injections during life show that there 1101 mal 
mtiaglomerulai and pentubulai ciiculation dm mg the amnia or oliguria of 
the tenal shut-down winch follows mtra\cnous miection of h^cd led cclh 
dm mg delndration or shock There is no shniitmg of ienal lilotxl flow from 
the ienal coitex The tubules are filled with pigmented amorphous and 
ci\ stallmc casts 
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7 The renal capsule is not under tension and there is no histologic evi- 
dence of renal cellular damage during the fiist two or three days of uremia 

8 A dog can stand rapid intravenous injection of lOO cc of distilled 
water per Kg without striking reduction in renal function and with complete 
recovery Relative to the degree of renal activity, this is equivalent to rapid 
injection of 2 6 liters into a 70-Kg man 

9 A dog can stand rapid intravenous injection of at least 95 cc of distilled 
water per Kg , even during profound histamine-shock with its resulting anuria, 
without undei going marked reduction in lenal function and with complete 
recovery 
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THE EFFECTS OF ULTRAVIOLET RADIATION ON THE 
EXPOSED BRAIN-EXPERIMENTAL STUDV^' 

Guy L Odom, Henry M Dratz and F V KRisTOFFf 

DunHA-rt, N C 

FROM THF NLUROSURGICAL DIVISION THE DUKE HOSPITAL AND MEDICAL SCHOOL 
DURHAM NORTH CAROLINA 

The use of ultia\iolet radiation in the operating room was introduced by 
HaiP in 1936, thereby adding another effective measure for the control of 
postoperative wound infection Hart and his associates"’ ® demonstrated in 
subsequent publications that air-borne pathogenic oigamsms were responsible 
foi the majoiity of infections m clean operative cases and that such organisms 
could be largely eliminated by ultiaviolet radiation Expeiimental studies to 
deteimine the effect upon w’ound healing of this physical agent, as well as 
those concerned with its bactericidal effects, weie carried out by this group 
before lecommendmg its use m the operating 100m 

A brief account of the reaction of the brain to ultraviolet radiation was 
given by Hart and Sanger’’’ and additional unpublished data deiived from 
animal studies have permitted its use in our neurosurgical operative rooms 
during the past ten years In this publication ne shall desciibe the patholog- 
ical alterations which occur in the cerebral coitex upon exposuie to ultraviolet 
radiation as compared to those which occur upon exposure to atmospheric 
air alone 


METHOD 

Twenty-five dogs weie used duiing the experiment and all operations weie 
carried out under aseptic technic Intrapentoneal anesthesia vas employed 
using nembutal one grain per five pounds of body weight An incision was 
made in the scalp and the temporal muscle was reflected laterally A small 
tiephine opening was then placed in the skull and the opening enlarged wutli 
rongeui s to a diameter of approximately 3 cms by 2 5 cms The dm a was 
opened in an elliptical fashion and reflected laterally, exposing an area of the 
cortex 2 5 cms by 2 cms Twelve of the dogs w^ere exposed to ultraviolet 
radiation (at an intensity of 16 nncrow'atts per square centimeter) | for 
various inteivals from 15 minutes to 3 hours In a second group of 12 dogs 
the brain was exposed to air for the same periods of time One animal was 
anesthetized for three hours as a control experiment and sacrificed on the 

* Submitted for publication, February, 1949 

t We are indebted to the Lamp Division of the Westinghouse Electric Manufacturing 
Company for supplying the irradiation units used m this study Dr D G Sharp is 
responsible for arranging this unit and measuring the intensities used 

t This intensity was selected due to the fact that it was the same as the present 
reading in the neurosurgical operation room 
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seventh post-anesthetic day, without exposure of the cortex to air oi ultiaviolet 
ladiation During the entiie exposuie of the cortex to air or ultiaviolet ladia- 
tion and air, it was kept moist with Ringer’s solution The dura was closed 
wuth interrupted black silk The muscles and scalp were sutured with intei- 
rupted black silk and a sterile gauze collodion dressing applied The animals 
w^ere saciificed by bleeding wdnle under nembutal anesthesia on the thud, 
seventh and tw^enty-eighth da}'’ The carotid aiteries weie injected wuth 
10 per cent foimaldehyde Blocks w'^ere taken through the exposed aiea and 
fiom the opposite hemisphere and fixed in lo per cent formaldehyde U S P 
and ammonium bromide solution of formaldehyde Sections w'ere stained wuth 
hematoxin phloxme, toluidme blue, gold chloiide and silvei caibonate 

RESULTS 

The changes wdiich w-ere obseived w^eie piogressivel} dependent upon the 
length of time of the exposuie After exposure lo ultiaviolet ladiation for 
10 minutes the meningeal vessels began to dilate and giaduall} the biain 
became congested Changes in the meningeal vessels m the group exposed to 
air alone w'ere not appaient until appi oximately 45 minutes aftei the exposuie 
had commenced and weie never as piomment as those exposed to ultiaviolet 
radiation Sw'elhng of the hi am as noted by bulging of the exposed aiea w'as 
piesent in the 2-hour and 3-hour ladiation groups but was nevei sufficient to 
prevent closure of the dm a The sw'ellmg w'as not noted in the one-half or 
one-houi exposure to ultraviolet ladiation None of the exposuies to an, 
except the 3-hour ones, pioduced any degree of bulging of the coitex 

Microscopic sections fiom the specimens exposed to an for 15 or 30 min- 
utes (Fig i) or to ultiaviolet radiation foi 15 minutes show'ed vei} little 
change The first definite changes w'hich weie detected weie in those animals 
exposed to ultraviolet ladiation for 30 minutes (Fig 2) These animals 
levealed slight thickening of the arachnoid with dilatation of the meningeal 
vessels and a model ate number of led and white blood cells in the subarach- 
noid space Theie was dilatation of the subpial vessels and widening of the 
peiivasculai spaces of the giay mattei These changes became moic j)io- 
nounced in the i-houi (Fig 4) ijA-hom 2-houi and 3-houi specimens (Fig 
5), with wdnte blood cells becoming rather numerous m the subaiachnnid 
space in the exposuies of one hour Subjiial hemorrhages weie present in the 
3-houi exposuies to ultiaviolet ladiation with small perivascular hemorihages 
(cliapedesis) thioughout the gia\ matter In one of the‘<c animah there was 
faiily extensive destruction of a tiiangulai aiea of the cortex b\ bcmorihage 
The biains that w'crc exposed to an foi one houi (Fig 3) ni longei showtd 
led blood cells in the subarachnoid space slight thickening of the arachnoid 
and an incieasc in the si/e of the pei na^-culai sjiates but the ch.uigcs were 
onl\ slight as compared lo those exposed to ultiaciolet ladiation In none 
exposed to an were hemorrhages noted 

The neiiions aftei exposme to iilliac lolei ladiatiou foi 30 inmutes fFic’ di 
began to show definite changes mainh shrinkage and acute swelling vhich 
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became more marked as the exposure time w as pi oloiiged The neurons \\ Inch 
shoiWed shrinkage were located for the most part in the superficial layers of the 
cortex These cells were deeply stained, shrunken and triangular The 
nucleus and nucleolus could be recognized as such except m the longer 
exposures when the cell body was markedly shrunken and the nucleus and 

, nucleolus could not be identified The 
peimeuronal space about these cells 
was widened The cells which revealed 
acute swelling or chromatol} sis were 
more prominent than those which 
showed shrinkage, and were confined 
to the deeper layeis of the cortex The 
cytoplasm of these cells contained vacu- 
oles, and the nucleus was enlarged and 
displaced to one side of the cell, or occu- 
pied the entile cell body In some in- 
stances the contoui of the cell was lost, 
as though the cell membrane had rup- 
tured and all that remained w^as the 





^ * ,V'' 

A ' 

- ^ . "" A ' V 

^ V V. V . ■> 

X ^ s - . -i* -- 

'■*' • "A- > * . 

; • y. "As-, - ' 


a. 

I 


t , 
t- . 

t 

i 

i 

t - 
!- 

f- 


'■OT' 


- "n ^ , ■*x 




) r.' 




r~‘T^ 

1 ' ' 

*'C>’ 




s 

• % 


I 




> r. - :' 5 , 


. 4 ■' . lA #' 


> 

^''.0 

■ ^ 'i. 


rt 'f 


f 


[Aiy.: 


r 


'M ■ > 4 - ' 

^ . Vr-l'* ‘ ! 


* ♦ J 


*j ; 




Fig S — Expo'sure to ultraviolet radiation 
3 hours, sacrificed on the seventh day 
(Hematoxin phloxine no x) 


Fig 6 — Exposure to ultraviolet radiation 
30 minutes, sacrificed on the seventh day 
(Toluidine blue 580 x) 


swollen nucleolus, fiagments of the cell outline or a clear space These neu- 
lonal changes were veiy pronounced in the 3-hour exposures to ultraviolet 
ladiation and the gray matter piesented a honeycombed appearance wuth a loss 
of the noi mal lamination Minor changes of the same type w^ere present 111 the 
exposuies to air and such changes began to appear at appi oximately one hour 


Fig I — Exposuie to air for 30 minutes, sacrificed on the seventh day (Hematoxin 
phloxine 120 x) 

Fig 2 — Exposure to ultraviolet radiation 30 minutes, sacrificed on the seventh da> 
(Hematoxin phloxine 120 x) 

Fig 3 — Exposure to air i hour, sacrificed on the se\enth day (Hematoxin phlox- 
ine 120 x) 

Fig 4— Exposure to ultraMolet radiation i hour, sacrificed on the seventh day 
(Hematoxin phloxine 120 x) 
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The astiocytes became mci eased in size and number Tins l^perplasia of 
the astiocytes fiist occmied m the 30 minute (Fig 8) exposuie to ultraviolet 
radiation and progiessed with the time of the exposure This change first 
occuried m the marginal layei but progiessed to involve the gray and white 
mattei m the longer exposures The biam of the dogs exposed to an for 1^4 
hours began to show a hypeiplasia of the astiocytes m the marginal layer 



Fig 7 — E^.posure to air for 30 minutes, sacrificed on the seventh daj (Gold 
chloride 680 x) 

Fig 8 — Exposure to ultraviolet radiation 30 minutes, sacrificed on the seventh dav 
(Gold chloride 680 x) u 

Fig 9 — Exposure to ultraviolet radiation i hour, sacrificed on the seventh day (Gold 
chloride 680 x) 


In none of the exposures to ultraviolet ladiation or an were there changes 
in the ohgodendrogha 

In the animals which were exposed to ultiaviolet ladiation for 30 minutes 
and sacrificed at the end of 28 da}s (Fig 10) there was a marked regression 
of the changes noted at the end of seven da)'s In these specimens there was a 
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slight thickening of the arachnoid but no cells were present in the subaiachnoid 
space The neurons (Fig ii) had practically assumed their noimal form 
except for a few shrunken cells still piesent in the supeificial la}eis of the 
cortex Theie remained a slight patch)'- decrease in the number of neurons, 
with occasional neuronaphagia There was also still noted a slight increase in 
the astrocytes in the marginal layeis 

The control animal w'^hich w'as anesthetized for three houis and not 
exposed to air or ultiaviolet radiation failed to show' any microscopic changes 



Fig 10 — Exposure to ultraMolel radi.ation 30 minutes, sacrificed the t\\cnt\-ciphth 
da^ (Hcmatoxin phloxine 125 x) 

Fig II — Exposuie to ultraMolet radiation 1 hour, sacrificed tiic t\\ciit% -ciglitli da\ 
(Toluidine blue 660 x) 


COMMnXT 

Prados Sliowgei and FenidcP icpoited in detail the icactinn of the biain 
to air exposuie Oni control animals \ciified then findings although the 
exposure time was shoiter The changes jirodiieed b\ ultia\iolei r.idiation 
aie similai to those which occur with an exposuie but the\ occur much sooner 
It IS our opinion that theie is no contiamdication to tlic use of iiltraMokt 
ladiation in the opciating room if the usual neurosurgical technic of juo- 
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tectmg the exposed and unmvolved coitex is followed The changes winch do 
occur with a 30-minute exposure are regressive and this tune interval should 
be sufficient to inspect the cortex and remove a lesion if the unmvolved cortex 
IS kept covered with moist cottonoid strips This statement is also borne out 
by the fact that from a clinical standpoint we have never observed a postoper- 
ative reaction which we could attribute to the ultraviolet radiation From our 
experiments one must however warn against its use when it is necessar} to 
keep the brain exposed foi long peiiods of time while stimulating the coitex 
to locate an epileptic focus or in the course of obtaining electroencephalograms 
from the cortex 

We have not had the oppoitumty to study its effects upon the human brain 
except in three cases of topectomies In these cases the area to be resected on 
one side was exposed to ultiaviolet radiation for 45 minutes immediately before 
removal There were no cellular changes noted in these cases No case had 
presented itself m which we have felt justified in exposing the cortex and 
waiting several days before doing the resection 

SmiMARY 

The effects of ultraviolet radiation upon the exposed cortex first appear 
in approximately 30 minutes and become more pronounced as the length of 
time IS increased These changes consist of a meningeal reaction with thick- 
ening of the arachnoid, the appearance of red and white blood cells in the sub- 
arachnoid space, a dilatation of blood vessels, an increase m the sue of the 
peiivascular and perineuronal spaces, the shrinkage and chromatolysis of the 
neurons and an increase in the size and number of the astrocytes These 
changes were also noted in the brains of the animals which were exposed to 
air alone but they were not as marked and took a longer exposure time before 
they appeared The changes in both instances become regressive if not carried 
beyond a certain exposure period of approximately 30 minutes 

We feel that no contraindication exists to the use of ultraviolet radiation 
in the neurosurgical operating room if the unmvolved cortex is protected with 
the same meticulous care that is mandatory m all modern neurosurgical 
procedures 
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DISARTICULATION OF AN INNOMINATE BONE 

(hemipelvectomy) 

FOR 

PRIMARY AND METASTATIC CANCER^'t 
Irving M Ariel, M D 

Minneapolis, Minn 

AND 

Fred W Hark, M D 
Chicago, III 

FROM VETERANS ADMINISTRATION HOSPITAL HINLS ILI INOIS AND THE DEPARTMENT OF SURGERT UNUERSITV 
or MINNESOTA MEDICAI SCIIOOI MINNI APOI IS MINNESOTA 

INTRODUCTION 

The ladical lesection of an innominate bone, its contiguous soft tissues 
and the subjacent lower extiemity as a means of ablating cancer, has received 
lecently renewed interest "• ’’’ ® 

The decreasing moitahty late attendant upon the performance of this pro- 
ceduie has removed the diffidence which previously has been associated with 
hemipelvectomy Moieover, as increasing knowledge is obtained of the nat- 
ural histoiy of certain foims of cancel and as the more conservative methods 
of therapy are evaluated, the status of this opeiation in oui present surgical 
ai inamentai itiin can be detei mined 

Since the first successful lesection by Girard m 1895^ 158 resections have 
been lecoided The efficacy of anji suigical pioceduie can be determined by 
evaluating reported mortality and survival rates 

The purpose of this presentation is to recoid 0111 experience with eight 
patients who were subjected to ladical exaiticulation of the lower extremity 
through the sacroiliac synchondrosis 

Although the peiiod of follow-up is still too shoit to permit final evaluation, 
ceitain lessons could be gleaned by the study, and though the number of cases 
of this senes aie few, they constitute, nevei tireless, the largest series in the 
American hteratuie to date 

Defimtwn Hemipelvectomy (disarticulation of innominate bone) refers 
to that surgical pioceduie in vliich the entire innominate bone, contiguous 
somatic tissues (buttock), and entire subjacent lower extremity are resected 
en masse Because the cancellous nature of the innominate bone favors the 
wide dissemination of cancer throughout its structure, the entire bone should be 

' Submitted foi publication, December, 194S 

t Published with permission of the Medical Director of Veterans Administration 
uho assumes no responsibility for the opinions or conclusions drawn by the authors 
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removed Not infrequently it is necessary to lesect such other Mscera as 
peritoneum, testicle and speimatic coid structures (Case 7), mtra-dbdommal 
visceia,^ and periaoitic lymph nodes (Case 8) 

Synonyms Theie is little unanimity of teriiiinology regarding this opei- 
ation The procedure of ladical resection of an innominate bone and lowei 
extremity has been vaiiously desciibed as mtenbosacropubic amputation,''' 
transiliac amputation, mtennnomino-abdominal amputation/’ intiapelvia- 
abdominal amputation, interpelvi-abdominal amputation,^" hindquaiter resec- 
tion,'^ ilio-abdominal amputation,^® sacioiliac disarticulation, intenhoabdominal 
amputation, and hemipelvectomy For the purpose of this discussion 
the authors piefei the term hemipelvectomy 

Histoiical An excellent leview of the histoiical development of the opei- 
ative proceduie fiom the first attempt by Billroth in 1891 is piesented by 
Goidon-Tayloi and Willis ® Following Billroth’s experience, seveial unsuccess- 
ful lesections w^ere attempted, and in 1895 Girard peifoimed the first success- 
ful lesection Pi ingle in 1916 piesented his experience w'lth foui cases In 
1935 Gordon-Ta}'lor and Willis lecoided five instances wdiere tiansihac 
resections were performed,^ and in 1946 Gordon-Taylor and Patey piesented 
the recoids of 21 personal cases (the laigest senes repoited) and leviewed the 
literatuie to that yeai Morton introduced the procedure to America ’’ Sugai- 
baker and Ackerman (6 cases) ^ and Pack and Ehrlich (6 cases)- ha\e 
presented the most lecent expeiience wuth tins opeiative pioceduie 

INDICATIONS 

Hemipelvectomy is indicated for those neoplasms which involve the hip 
joint, pelvic parietes, or soft tissues of the iliac region, and wdnch cannot be 
surgically extirpated by more conserA'ative methods The following tabulation 
classifies the various conditions wdiere this pioceduie ma} be indicated 

(1) Pnmaiy malignant neoplasms of the innominate bone such as osteo- 
genic sarcoma, and periosteal fibrosarcoma - 

(2) Primary malignant neoplasms of the femui which have invaded the 
hip joint (Case 6 ) 

(3) Cancer of the soft somatic tissues of the upper thigh, inguinal region, 
or buttock, wdnch have invaded the hip joint 01 extended through the obturatoi 
foramen to involve the peh ic pai letes 

(4) Metastases to the iliac legion which have infiltrated the hip joint, the 
pelvic paiietes, or wdnch, because of local extension, have piecluded extirpa- 
tion of the disease by less radical proceduics such as radical groin dissection, 
and so foith In this group are included 

(a) Metastases fiom primary epidermoid caicinomas or sarcomas of 
the lowei extiemity (Case 8 ) 

(b) Metastases fiom malignant melanoma which cannot lie treated b\ 
hip joint disaiticulation or ladical groin dissection 

(c) jMetastases from carcinoma of the penis (Ca'^e 2) or rectum m 
certain selected cases 
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(d) Metastases from ceitam distant piimar}^ tumors, as kidney carci- 
noma (Case 7) 01 th>ioid caicmoma'' 

In all instances wheie the lesection is perfoimed for the tieatment of meta- 
stases, the primal y neoplasm must be controlled or controllable 

(5) Certain massive benign tumors of the innominate bone, as chondioma,® 
osteochondi oma,^^ 01 of the somatic tissue of pelvic area (neurofibroma)- if 
they cannot be 1 esected adequately by other less radical procedure 

(6) For palliation in certain instances of generalized metastases mela- 
noma (Case 5), Kaposi’s hemorrhagic saicoma,- spindle cell sarcoma'* where 
the lesion of the groin produces a bulky infected and painful mass, which can- 
not be controlled by any other modality 

(7) Certain infections and trauma, ** which will not be discussed m this 
presentation 

In this series the lesections were pei formed foi synoval sarcoma, fibro- 
sarcoma, peiiosteal fibrosarcoma, iliac metastases from a primary squamous 
carcinoma, E\\ ing tumor, and metastatic h3'pernephroma One palliative resec- 
tion was perfoimed for melanosaicoma 

SURGICAL PROCED'QRE 

Pi eopaahve pi epaiation The adequate control of fluid, electrolyte, and 
colloid balance as for any major suigical piocedure and correction of anemia 
and other metabolic abnoi mahties are impeiative 

The patients aie placed on an antibiotic regime (penicillin, 50,000 units 
every four hours) one week before surgery Two days before suigery they 
receive streptomycin ( i Gm each day) and the day before operation, 6 Gm of 
sulfadiazine is administered The evening before operation a gentle enema 
is given 

All of the patients were males, hence we have had no experience with 
vaginal preparation However, thorough cleaning of the vagina is recom- 
mended ® 

Preoperative debi idement, or cauteiy excision of certain lesions as described 
by Pack and Ehrhch,^ m our expeiience is unnecessaiy In bulky fungatmg 
tumors a small drape is sutured over the lesion at the time of surgery An 
indwelling urethral catheter is inserted before the patient comes to the 
operating room 

Preoperative preparation of the psyche of all candidates for this operation 
IS rewarded postoperatively by a grateful patient who biavely resigns himself 
to the defoimity None of our patients regretted their decision to submit to 
this suigical piocedure 

Anesthesia Endotracheal inhalation anesthesia (nitious oxide, oxygen, and 
ethei ) was used in the earlier cases Recently a combination of Baird’s solu- 
tioiP and nitrous oxide has been found a 'vexy satisfactory anesthetic agent 
The patient can be moved easily when necessary and this mixture is desirable 
for the hypotension which not infrequentl}' attends the operation 

A solution of pentathol and curare containing 25 milligrams of sodium pentathol 
and 5 units of d-tubocuranne chloride per cubic centimeter 
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Technic of Opeiahon The operative aiea is prepared with zephiran, the 
anal opening is closed with sutures, and the scrotum is fastened to the oppo- 
site thigh with a few silk sutures 

The patient is placed on the table in a tilted position v ith his involved side 
supported on a kidney lest The involved extremity is slight!} flexed at the 
hip and knee, and is externally rotated and abducted 

Incision The incision extends from the symphysis pubis, parallel to the 
inguinal ligament, to a point two centimeters superior to the anterior supeiior 
iliac spine Through this incision the entire anterior dissection is accomplished 



Fig I — luicno! Dissection The incision which extends from the sjmphjsis pubes 
to 2 cm superior to the anterior superior spine of the ilium has been deepened Flic 
inguinal ligament seveied at its attachments and the external iliac arterj ligated and 
clamped After letracting the spermatic cord structures and bladder, the external iliac 
^cln will be ligated and divided, the crest of the ilium and sacroiliac sMichondrosis 
skelctomrcd bv dividing the o\crlMng muscles and the innomimte bone disarticul ittd 
(insert) 


The incision is then cuned postciior and inferior, o\er-riding the greater 
Irochantei and extending along tlie infiagluteal fold to join the anterioi incision 
at the sjmjihysis pubes 

This incision extends moie supcnorl} than that usuall} described- ’ and 
it penults good letiaction of the jientoneal contents out of the field of surgerj 
It aft Olds an excellent exposuie for cxplorator} celiotoim when indicated 
(Case 3) and peinnts resection of the pciiaortic Itniph nodes to the k\el of 
the icnal ^esscIs (Case 8) 

'/;;/( ;;o; (in<n chon (bic i) After deepening the anterior incision Pon- 
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part’s ligament is divided and the infenoi inseition of the rectus abdominis is 
seveied from the pubic bone The peiitoneum is easily sepaiated from the 
iliac fossa and the speimatic coid, bladder and lectum are then leti acted out 
of the field and the meter identified The external iliac aitery and vein aie 
clamped, cut, and doubly ligated 

The piactice of postponing ligation of the iliac vein in order to permit the 
salvage of blood horn the lower extiemity^ is not recommended, because the 
trauma incident to opeiative manipulation may contribute possibly to intravas- 
culai dissemination of the neoplasm, especially in lesions about the vessels Ac- 
coidmgly, after ligating the external ihac artery just inferior to the bifui cation 
of the common iliac aiteiy, the involved extremity is raised foi a few moments 
to permit some blood drainage and the external iliac vein is doubly ligated 
and seveied 

The crest of the ilium is skeletonized after seveiing the iliopsoas muscle 
high and the bony attachment of the quadiatus lumboium muscles After 
severance of the iliacus, Gemelh, pyiiformis and levator am muscles, the 
sacro-iliac synchondrosis is exposed 

The symphysis pubis is now skeletonized and transected with a Gigli saw 
and the sacro-iliac synchondrosis is next divided by means of a Gigli saw 
inserted thiough the sciatic notch 

In certain instances where difficulty may be encountered in inserting the 
saw through the sciatic notch, this phase of the operation may be postponed 
until the posterior dissection Aftei the sacioiliac synchondi osis is skeletonized 
by seveimg the posterior niusculatuie, it can be easily tiansected by means of 
the Gigli saw passed through the sciatic notch During our fii st foui procedures 
a chisel was used to separate the sacroiliac synchondi osis but it was found that 
a saw is much less traumatic The actual disarticulation appears to be a ci itical 
point of the operation and at this point three patients of the eight suffered 
marked drops in blood pressure Accordingly, when the actual disarticulation 
IS to be performed, the anesthetists are instructed to administer whole blood 
at a brisk rate 

Bleeding from the exposed bone edges is controlled with Gelfoam or 
bone wax 

Postenoi dissection The patient is turned laterally to the uninvolved side 
and the posteiior phase of the operation is perfoimed The gluteal muscles, 
the sacrotuberous, iliolumbar and sacrospinalis ligamenrs are severed The 
gluteal and obturator vessels are identified and ligated Manipulation oi the 
extremity during the posterior dissection facilitates identification of the var ous 
structuies The nerves of the lumbar and sacral plexus are transected wien 
encountered and are not injected The extremity is now attached only by the 
sciatic nerve which is severed last 

The skin edges are approximated with number 2 silk sutures, and a dram 
inserted through a stab wound A piessure bandage is applied Split thickness 
skin grafts may be applied directly if the loss of skin pi ecludes primary closure 

In those instances where there is certainty that the skin of the lower extrem- 
ity IS not diseased, deimatone drums of skin are removed from the resected 
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specimen and pieserved m the ice box Then if -v\oiind breakdoiMi does occur, 
skin IS available for grafting This method was utilized v ith success in Case 4 
Postoperative caie After removing the temporal y anal suture, a rectal 
tube IS usually inserted foi the first tuo da}s postopeiatively 

Tidal bladdei drainage is instituted and continued for about foui da}s 
The patient remains on a full course of antibiotics and Wangensteen diain- 
age via a Levine tube m the stomach is loutinely used duiing the immediate 
postopeiative period 

Frequent and laige transfusions ma)’- be necessary to combat an anemia 
which may be quite severe The anemia lesults not only from the opeiative 
loss of blood but also the removal of a laige amount of erythiopoietic tissue 
The anemia has not persisted longer than two weeks m this senes 

Earl}^ ambulation is encouiaged and the patient instructed how to beai all 
w'-eight on the one ischial tuberosity 

Postopei atwe comphcatwns (i) Gemto-in mai y and gasti o-intestinal 
There have been no complications in the noimal activit)'' of uimation 01 
defecation In one patient (Case 4), the posterioi w^ound was diawn taut 
placing the anus on a bias but this did not pioduce any discomfoit No bladder 
or lectal infections developed Pro2Dh3dactic use of Wangensteen suction pre- 
vented abdominal distention 

Any existing sexual function has not been compromised in any patient in 
this senes The wnfe of one patient is now piegnant 

Judin’s patient became pregnant and had a noimal delivery following tlie 
operation 

(2) Phantom hmb This objectionable complication was encounteied in 
four patients of this senes Usually the degiee of s}mptonis before suigery 
dictated the seventy of “phantom limb” pain One patient (Case 5) on 
whom the opeiation w'as peifoimed foi palliation suflered so seveieh from 
phantom limb pain that any Iienefit from the operative procedui e w as negated 

(3) I'lenuatwn No hennas have been obscncd in this series The pen- 
toneal cavitv is w ell supported b) fascia and skin , hence the retention of tlic 
gluteus inaxiinus foi this jxiipose or tlie utilization of other suppoiting meas- 
ures IS not necessaiy 

Wound sepal at ion and po do pci atwe injection This has been the most 
fiequent complication encounteied in oui senes, occuinng in foiu of the eiqht 
operations In thiee cases a lapid healing occurred which apjicaicfl complete 
in ten da}s after suigen In thiee patients (Cases 2, 5, and 7) the complica- 
tion can be attributable to the fibrosis and compiomise of healing abilit} of 
tissue lesultmg finm pienous inadiation 

In no instanee did the wound scpaiation and con e'^ponding local infection 
pioduce secere complications and m ».ll inslanees the mlection w.n ^aticfac- 
lonh conti oiled and the wound ‘:econdanl\ clo’'ed with the aid oi ’'km graft" 
0 ’^leoniyihii<; Pack and Ehilich caution agaimt ‘■e\eniig the juibic bone 
ainwheic except tluough the sMiijilnsis becau'^e the e\pO"ed cancelloii" bone 
mac be a locus for future infection ~ 
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Fig 2 — Case 1 Roentgenogram of pelvis Demonstrating osteolytic lesion of right 
ilium resulting from an Ewing Endothelioma The photograph on the right is a postoper- 
ative roentgenograph demonstrating absence of right innominate bone 
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CASE REPORTS 

Case 1 — C R — ^Ewing tumor involving right buttocks and ilium 
The patient is a 26-year-old white male who noted rapid fatigability and ^ ague pains 
m the right lower extremity of four months duration There was m addition, swelling of 
the right buttock of tw^o months duration The patient had no other symptoms 



Fig 4 — Photograph of patient (Case i) fi\e months following 

hcimpchectonn 


1 

Plnsical examination on September 12, 1946, was negatne except for a large, diffuse 
non-tender mass m\oI\ing most of the right gluteal region and measuring 8 j 12 ems 
The o\erl\ing skin was distended and of a pinkish hue 

Radiographs ie\ealed iinasion of the right ileiim extending toward but not iinoUing 
sacro'ilnc sMichondrosis (Fig 2) Roentgenograms of the chest were negatne lor 
inetastases and all laboratory studies were within normal limits 
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A biopsy of the gluteal mass was reported anaplastic sarcoma 
On October 28, 1946, a right hemipelvectomy was performed and the patient made 
an uneventful postoperative recoveiy The lesected specimen revealed the entire right 
posteiioi region to be replaced by a hemorrhagic, paitially necrotic mass with poorly 
defined borders (Fig 3) The iliac bone was invaded by tumor 

The patient remained asymptomatic but on July 22, 1947, follow-up roentgenograms 
of the chest revealed bilateral metastasis He was given a couise of Coley's toxin 
therapy consisting of 14 daily intiavenous injections of the toxin, starting November 8, 
1947 The initial dose was i/ioo minum and succeeding doses were gradually increased 
until a maximum dose of foui minums was reached which was repeated four consecutive 
days Roentgenograms revealed an increase in the metastatic deposits in the lungs He 
remained asymptomatic until April 8, 1948, when he developed a persistent, productive 
cough, right chest pain, and dyspnea Thoiacentesis yielded 3240 cc of hemorrhagic fluid 
This patient is living at the present time with bilateral pulmonary metastases He is 
relatively asymptomatic but is receiving deep roentgen ray therapy to the pulmonary 
metastases 



Fig 5 — Case 2 Preopeiative appeal ance one and one-half 
years after partial amputation of penis for carcinoma and repeated 
fulgerations and x-ray treatments to metastases in right groin 
which were deeply infiltrative Left inguinal nodes also contain 
metastases 


Comment An attempt to treat a massive Ewing's tumor by radical surgery 
succeeded in controlling the pnmaiy lesion but pulmonary metastases became 
clinically manifest nine months after the resection 

The patient is relatively asymptomatic one year and nine months subsequent 
to operative intervention and one year after the appearance of pulmonary 
metastases 

Case 2 — J P Right hemipelvectomy and radical groin dissection of opposite side for 
metastases from carcinoma of penis 

The patient, a 54-year-oId colored male, w'as admitted to the hospital m February, 
1946, with a diagnosis of carcinoma of penis with right iliac lymph node metastases He 
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was treated by a partial amputation of the penis and deep x-ray therapy and fulgeration 
were administered to the ihac metastases During the subsequent j ear and a half, repeated 
attempts to control the metastases with irradiation and cauterj excision vere without 
benefit 



Fig 6 — Cure 2 Gross aiipcarancc of operatuc spctinicn dcinonstraling 

infiltrating metastases 


When Inst oliser\ccl b\ tlic autiiors on rdiruan aq. 1047, the pitieiit pre-tiitcd a 
luge mass iinolMiig most of (be ricbt groin and nuasnrnig 10 rm jn d an'ctcr It v a- 
bald and boatd-likc in cbaiatfer It was nitnnateh bound to the nndtrnnm s(nirturt', 
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and presented the appearance of carcinoma and X-radiation reaction In the center of 
the board-like area was an ulceration measuring 3 cm m diameter, consisting of a dirty 
grey foul granulating surface (Fig 5) 

In the left inguinal region were many hard freely movable lymph nodes measuring 
2 to 4 cm m diameter 

The patient refused surgeiy but returned four months later with the right groin 
severely infected After a careful preoperative regime, a right liemipelvectomy was 
performed on July 28, 1947 The patient went into surgical shock during the operation 
which was combatted by transfusions His postoperative course was uneventful 

The superficial and deep iliac nodes were found involved by metastases The neoplasm 
had extended to the soft tissues of the groin and had extensively infiltrated the contiguous 
muscles (Fig 6) The irradiation fibrosis obscured the planes of clearage 



Fig 7 — Case 2 Left radical groin dissection demonstrating iliac and femoral 
vessels and the inguinal region stripped of lymph node metastases 


Postoperatively he developed a slough of the flaps and wound infection. It was felt 
that the repeated attempt at cautery excision and the deep irradiation contributed to 
the slough 

He was given supportive therapy, antibiotics, and moist dressings which controlled 
the infection 

On August 21, 1947, a left radical groin dissection and closure of the defect resulting 
from the right hennpelvectomy was performed Superficial and deep iliac lymph nodes 
were found infiltrated with cancer The procedure was tolerated well (Figs 7 and 8) 
and the resultant defect in the suprapubic area was closed with a split thickness derma- 
tome graft 

At the present time, this patient is clinically free of tumor 
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Fig 8 — Case 2 (A) Left radical groin dissection and opened wound from previous riglit 
hemipeh'ectomy prepared for closure (B) The closure has been completed 



Fig 9 Case 2 (A.) Operative specimen demonstrating tc'^- 

ticle, spermatic cord and portions of peritoneum which were 
infiltrated b}' the bulkv svnovial sarcoma 
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Comment This repiesents a case of squamous carcinoma of the penis 
tieated primal ily b}- partial amputation of penis Two years later a right 
hemipelvectomy and left ladical groin dissection were performed for persistent 



Fig 10 —Case 3 (B) Postoperative 

photograph demonstrating the high incision 
necessary to resect involved pentoneum 
Slight separation of wound edges occurred 


tumor Bilateial groin metastases 
have remained controlled foi one year 
Previous attempts to tieat the groin 
metastases with irradiation and local 
excision weie without eftect 

Case 3 — P A. W Svnovial sarcoma 
of light upper thigh 

This patient was a 36-year-old white 
male who first noted a walnut sized mass in 
the right upper thigh in 1945 It remained 
quiescent for one year and on November 7, 
1946, a local excision was performed else- 
where, followed by postoperative irradia- 
tion The factors of irradiation are not 
known An ulcerated area of the upper 
thigh persisted and an inguinal mass subse- 
quently developed 

The patient was admitted to Veterans 
Administration Hospital, Hines, Illinois, 
March 2 a, 1947, at which time he presented 
an ulceration 2 cm in diameter, 6 cm in- 
ferior to Poupart’s ligament A subcu- 
taneous mass w’as present in the subinguinal 
area Numerous enlarged superficial in- 
guinal lymph nodes were palpable The 
tumor extended above Poupart’s ligament 
for an indeterminate distance A biopsy 
was interpreted as sjnovial sarcoma All 
laboratory findings were normal and a chest 
roentgenogram negative for metastases 

Opc) atwn A hemipelvectomy was per 
foimed on April 23, 1947 It was noted 
that cancer had grossly invaded all deep 
ihac lymph nodes and infiltrated into the 
peritoneum Large masses of friable intra- 
abdominal tumor tissue were resected in- 
cluding the peritoneum, part of prostate, 
spermatic cord structure, and testicle 
(Fig 9) 

The patient tolerated the operative pro- 
cedure well and his immediate postoperative 
course w^as uneventful except for slight 
necrosis of the posterior skin flap (Fig 10) 
Two weeks postoperatively he developed 
evidence of intraabdommal cancer and suc- 
cumbed July 3, 1947, due to generalized 
visceral metastases 
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Comment A malignant synovial sarcoma of the thigh had produced diftuse 
generalized visceral metastases from which the patient succumbed tv o months 
following hemipelvectomy 

Case 4 T G Fibrosarcoma left iliac region unsuccessful^ treated by irradiation 

This 5i-year-old white male dated the onset of his symptoms from Alarch 1946 
when he noted a vague aching in upper left thigh region Two months later he noted a 



Fig ii—Casc4 Pliotograph demonstrating increased 

ciicunifercnce and ulceration of left thigh due to diffuse 
fibrosarcoma which infiltrated to the Iiiii joint Pre\ious 
iriadiation therapj" had iieen administered 


gradual increase in tlic circumference of the thigli There was no wcitrht lo^v Riop':\ 
of the left thigh established the diagnosis of fihro<;arcoma flic jiaticnt w is guen thirt\ 
deep x-iaj treatments elsewhere during August and Scptemlier, 1946, witli mild relief 
(The irradiation factors could nut he obtained ) 

On admission to the hospital Fthruarx i, 194- the pitiuit w is ^\tll nourished 
hut there was a diffuse, firm enlareement of the upper leit thigh I he sViii oeei this arc i 
was pigmented There was a s], dlow ulceration 2 cm m diaintter with slopinc m-rgins 
and a diitj gici base on the anterior aspect ot the pigmented area (Fie n) M! Jim 
lator^ data was nccatne and chest x-raes rencaled no CMdcncc of pulmnnwx .ntnohJ' 
On Fehiuan 17 . 1947, ^ hu hemipeh eetonw was performed and a large tumor m-s 
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involving the musculature of the upper thigh, extending inside the retroperitoneal ,irea 
and intimately adherent to the external iliac vessels 

The patient tolerated the procedure well but developed postoperative separation of 
the wound edges necessitating skin grafting 

On May 15, 1947 (three months postoperatively) the patient developed cough and 
chest pain Pulmonary metastases were demonstrated by roentgenographic studies 
Palliative irradiation was without effect and the patient succumbed July 10, 1947 
Autopsy revealed massive hemorrhagic pulmonary metastases involving approximately 
two-thirds of the pulmonary parenchyma No signs of any other cancer were observed 

Comment A fibrosarcoma of left thigh was treated by irradiation without 
effect Six months aftei irradiation therapy a hemipelvectomy extirpated the 
local disease but the patient succumbed five months postopei atively due to pul- 
monaiy metastases It is of interest to conjecture what the preoperative delay 
may have contributed to the final outcome 

Case 5 — D Palliative resection for diffuse melanosarcoma 
The patient is a 28-year-old white male He had a small blown mole measuring 
cm in diameter on the anterior lower right leg locally excised in October, 1945 The 
excision was incidental to reconstructive surgery which was performed in Luzon subse- 
quent to gunshot wounds to the right leg 

One year later a mass developed in the right inguinal region which had gradually 
increased in size The inguinal mass was excised and the diagnosis of “cancer” made Five 
x-ray treatments were given but the factors of irradiation are not known However, 
the mass in the inguinal region grew rapidly in size and the patient developed numerous 
painless subcutaneous nodules varying from i to 3 cm in diameter 

On admission, June 12, 1946, the patient presented a large irregular tender, hard, 
and fixed mass in the right inguinal region It was firmly attached to all surrounding 
structures and the overlying skin was telangiectatic, erythematous and shiny The area 
was exquisitely tender The patient also presented numerous subcutaneous nodules He 
was emaciated and in extreme pain The following palliative procedures were attempted 
(i) Vigorous estrogenic therapy, (2) a course of methyl-bis (nitrogen mustard) therapy 
and (3) local deep x-ray therapy The severe pain in the groin, radiating down the leg, 
persisted 

Accordingly, on July 30, 1947, a palliative right hemipelvectomy was performed and 
the patient made an uneventful postoperative recovery However, the symptoms due to 
the “phantom limb” vitiated any benefit from operative piocedure The patient succumbed 
from generalized melanosarcomatoses on September 28, 1947 

Comment A palliative procedure was performed and a foul smelling, 
ulcerated infected tumor was removed which had caused the patient seveie 
pain that did not lespond to medical management 

The ensuing phantom limb negated most of the benefits expected horn the 
resection 

Case 6 — E C R Periosteal fibrosarcoma of right femur 

This 26-year-old white male was perfectly well until May, 1946 While m China 
with the Marines, he noted pain in the right hip and immediately consulted his surgeon 
Two weeks later the pain wdiich had prev'iously been localized to the hip began to radiate 
dowm the leg to the knee, causing limited motion of the right knee and hip In January, 
1947, x-rays w’ere taken and diffuse osteoporotic lesion was diagnosed septic arthritis 
The hip and knee were then placed into a cast In Februarj% I947i the patient complained 
of severe pain in the chest, and fever He was hospitalized for two months and treated 
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mth pemc,II,n and was said to have had pleunsy At that time he lost 20 pounds of 
weight m two months In April, 194,- because of the persistence of difficult, , nth h. 

ZT! T ‘ ■" a body brace In May, 1947, x-ia.-s ,vere taleii and th 

o teolytic lesion of ns hip was said to have extended and the patient „as placed ,n a 
plaster spica In July, 1947, repeated x-rays were taken which showed osteolysis ol the 
right hip An aspiration biopsy was taken on July 13, ,947, and an immediate patholo"- 
ical report w'as obtained of sarcoma, either a fibrosarcoma or a s, novial sarcoma X-ra”s 

of the right hip revealed a marked osteolytic lesion mvohing the head and neck of the 
femur (Fig 12) 



Fig 12 — Case 6 Roentgenograph demonstrating infiltration of 
fibrosarcoma into hip joint and femur 


Physical examination revealed a large mass in the right inguinal region The o\tr- 
b'lng skin was neither adherent nor invaded The mass extended to nuohc most of the 
lup joint, extending to Poupart’s ligament and to the anterior surface of the right uppei 
thigh Along the margin of the mass a small freely mo\able Ijniph node vas palpittd 
A hemipeh ectomy was performed on July 21, 1947 The resected spccmitn prevented 
^ large circumscribed mass which W'as grceish m color and iinohed most ot the retro- 
peritoneal space, invading the anterior musculature of the thigh (Fig 12) 1 he tumor 

mass infiltrated the neck and head of the femur and nuohcd the ncetahiihim 1 he ji itient 
withstood the procedure well and remained asjmptonntie except lor jiun 01 mil nov n 
etiology in the left hip until September 18, 1947, when he deeelojied an leute hejuiitis 
f'om which he recoeered 

In Tamiare, 1948, the patient dc\ eloped chest pang .1 dr\ unprodviLtnc toagh '>i,<l 
(hspiiea A roentgenogram of the chest re caled a niivM\e lelt pleural cfTiision an<l 

91 



ARIEL AND HARK 


Annals of Surgerj 
July 1949 


multiple metastases to the right lung He was given a course of Caley’s toxin with little 
relief Repeated thoracentesis yielded large quantities of serosanguineous fluid 

The patient succumbed April g, 1948, and autopsy revealed massive pulmonary 
metastases No evidence of local recurrence was observed 

Comment Disarticulation through the sacro-ihac synchondrosis was nec- 
essary to remove this neoplasm which had invaded the hip joint Although the 
neoplasm was surgically resectable, death occuired 8 months postoperatively 



*» 


/ 

Fic 13 — Case 6 Operative specimen showing bulky fibrosarcoma 
which had invaded hip joint 


due to extensive pulmonary metastases It is lamentable that one year elapsed 
from the onset of symptoms until the patient received definitive treatment 

Case 7 — B L M Metastatic hypernephroma 
The patient was a 48-year-old white male who first noted pain in the region of the 
left hip on weight bearing, in November, 1946 He was treated with various non-specific 
remedies until June 7, 1947, when roentgenographs revealed a destructive process of the 
left ilium A biopsy specimen was interpreted as sarcoma, either reticulum cell sarcoma 
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or angiosarcoma The patient was given a course of deep x-iay therapy from July lo, 
I947> to August 14, 1947, for a total dose of 3,000 roentgens to the left ilium posterior 
and 3,000 roentgens to left lateral ilium with the following factors 250 KV, 2 mm copper 
filtration, 80 cm target skin distance, estimated tumor dose 3675 roentgens, with slight 
regression in the size of the mass 

On October i, 1947, a left hemipelvectomy, which included a portion of the sacrum, 
was performed The resected specimen demonstrated a large mass of hemorrhagic neo- 
plastic tissue measuiing 8x7 centimeteis and destroying the ilium (Fig 15) Micro- 
scopic sections from the surgical specimen revealed the neoplasm to represent a metastases 
from a primary kidney carcinoma 

The patient has made an uneventful postoperative recovery with the exception of a 
painful sinus which was debnded and healed completely At present the patient reveals 
no evidence of disease Complete genito-unnary studies, including pen-renal air insufflation 
are normal 

Comment Radical surgery was performed on this patient because of the 
mistaken impression that the neoplasm of the ilium was primary m bone Care- 
ful study by several pathologists revealed the neoplasm to be a metastases from 
a primary renal cancer The patient is well one year postoperatively It is 
planned to explore the kidneys 

This case resembles Sugarbaker’s and Ackerman’s case number 3 ^ 

Case 8 — Squamous carcinoma of left lower leg, developing on a burn scar and 
producing fixed superficial and deep inguinal metastases 

The patient was a 24-year-old white male who suffered gasoline burns of lower left 
leg, right thigh and left lower arm in 1936 The wounds required two vears to heal and he 
remained well from 1938 to 1947, at which time the scar of the left lower leg ulcerated 
and the ulcerated defect continued to enlarge 

He was hospitalized elsewhere for 142 days receiving local treatment, attempts at 
plastic repaii and a simple excision of l>mph nodes in the left inguinal region 

On admission to University Hospitals, University of Minnesota, on August 8, 1948, 
he presented a large fungatmg tumor mass measuring 23 x 12 x i cm and extending from 
the left popliteal space inferiorly to involve most of the left lower leg The surface was 
granular with heaped up edges Biopsies from various areas weie reported squamous 
carcinoma 

In the left inguinal region were numerous firm fixed masses which measured 3 to 4 cm 
in diameter They had coalesced to produce a large irregular n.ass There was a recent 
surgical scar over this inguinal mass 

The patient presented, in addition, old burn scars involving the right lower extremity 
and right upper extremity which were well healed An inferior venacavogram outlined 
the inferior vena cava and there was no evidence of extrinsic or intrinsic pressure 

On August 20, 1948, the deep iliac region was explored through an incision which 
extended from the parallel to the inguinal ligament to a point about 3 cm superior to 
the anterior superior spine 

The deep iliac nodes were noted to be infiltrated with cancer and adherent to contig- 
uous structures Accordingly, a sacroiliac disarticulation was performed in conjunction 
with Dr Arnold Kremen A dissection of the periaortic nodes on the involved side to the 
level of the renal pedicle preceded the hemipelvectomy 

The patient withstood the procedure well and his postoperativ e course was uneventful 

The pathologic specimen revealed the deep iliac region involved with a large mass of 
necrotic tumor tissue which completely sui rounded the femoral arterj' and vein and infil- 
trated the walls of the ^essels The periaortic nodes did not reveal e\idence of cancer 
and there were no popliteal l>mph nodes iiivoRed by the neoplastic process 
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Comment A hemipelvectomy A\as necessaiy for this squamous caicinoma 
of the lowei leg which cleA eloped on an old bum scai and pioduced superficial 
and deep iliac metastases which had infiltiated to the soft stiuctuies of the 
pelvis and imadecl the walls of the external iliac artery and vein 

DISCUSSION 

Opoatwc ]\lo}falify Theie has been a steady and piogressive decline in 
the opeiative moitaht} foi hemipelvectomy In 1909 the moitahty rate w^hen 
peifoimed foi cancer was 67 per cenU" and Pi ingle in 1916 remarked on the 
achievement m deci easing the mortality late to 56 6 per cent 111 the intervening 
3'eais^'* In 1935 the opeiatne mortalit}^ of all cases pei formed to that date 
was 60 pel cent * 

In the subsequent ten yeais, 80 additional cases weie collected and the 
repoited moitaht) late of that series was 18 per cent^ 

Recent lepoits by Moiton, 4 cases^, Pack and Ehrlich, 7 cases^, and this 
senes, 8 cases without an operative death suggests that the technic of con- 
ducting the patient safely through a hemipelvectom)^ has been achieved Ade- 
quate pie-and postopeiative caie and special emphasis on supportative therapy 
(transfusion) dm mg the opeiation, aie the major factors contiibuting to the 
precipitous diop 111 tlie opeiative mortality rate 

Theie is nothing to suggest that the patients of the three senes cited above 
weie better opeiative iisks than m pieviously reported series, in fact, two 
patients were critically ill fiom widely disseminated cancel and the opeiative 
intervention pei formed for palliation ^ 

PROGNOSIS 

In this senes the end lesults aie not good Four patients have succumbed 
In one patient wdieie the opeiation w'as performed for palliation, the patient 
succumbed twm months postoperatively of diffuse melansarcomatoses 

One patient, wdio had intraperitoneal invasion of a synovial sarcoma at the 
tune of suigery, expired two months postoperatively with generalized visceral 
metastases (Case 3) 

Twm additional patients succumbed five months and eight months postoper- 
atively due to diffuse pulmonaiy metastases lesulting from a spindle cell fibro- 
sarcoma and synovial sarcoma lespectively (Cases 4 and 6) 

A fifth patient has bilateral pulmonaiy metastases 24 months subsequent to 
surgery (Case I) and the lemaimng three patients are apparently free of 
disease twm, 12, and 15 months respectively after surgery (Cases 2, 7 and 8) 
In none of the patients that expired were local lecurrences observed as 
observed by postmortem examination 

Fuither review of this series reveals that in all seven cases where the oper- 
ation w^as perfoimed for curative purposes, there was a delay varying from 
seven to 19 months from the onset of symptoms The average delay of the 
group w^as 10 4 months (Table I) Moreover, the delay in certain instances 
w^as attributable to the medical profession In two instances (Cases 6 and 7 ), 
a proper diagnosis was not established and no definitive therapy instituted for 
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prolonged periods In three instances, adequate therapy was delayed while 
conservative suigical measuies or iiiadiation theiapy were attempted by other 
physicians (Table I) 

It IS pi obable that the delay in addition to the trauma of ineffective thei apy 
contributed significantly to the undesirable results in foui patients of this series 
It IS difficult to adjudicate the true accomplishment of exarticulation of 
the pelvis from published reports because of the inadequacy of the data Pack 
and Ehrlich state that one-third of the patients who submitted to the operation 


Tabie I — Resume of S Patients on whom Hcmipclvectomy zoas Pci formed — 

Author’s Senes 


Patient Age 

Pathologic 

Diagnosis 

Previous Treatment 

Duration From 

Delay Operation Until 

Before Metastases 

Operation Occurred Remarks 

(1) 

C R 

26 

Ewing s tumor of 
right gluteal region, 
and right ilium 

None 

7 months 

9 months 

Alive 24 months after 
operation Bilateral 
pulmonary metastases 
present 

(2) 

IP 

54 

Squamous carcino- 
ma of penis with bi 
lateral groin metas- 
tases 

(1) Partial amputation 
of penis 

(2) Deep v-ray and cau- 
tery excision right in- 
guinal metastases 

1 j ear i mo 0 

Patient well IS months 
after right hemipeh ec- 
tomy and left radical 
groin dissection 

(3) 

PAW 

36 

Synovial sarcoma 
anterior inguinal 
region 

Local excision and deep 
\ rav 

8 months 

2 weeks 

Died 2 months after 
surgery Duffiise vis 
ceral metastases 

(41 

T G 

54 

Fibrosarcoma ante 
nor inguinal region 

Deep x-ray 

10 months 

3 months 

Died 5 months follow 
mg surgery Pulmo 
narv metastases 

(3) 

J R D 

28 

Melanosarcoraa 

generalized 

None 

Palliative procedure in 
patient with general- 
ized melanosarcoma 

Died 2 months post 
operatively No pallia 
tion 

(6) 

E C R 

26 

Periosteal fibrosar- 
coma anterior in- 
guinal region 

Prolonged symptomatic 
treatment 

12 months 

5 months 

Succumbed 8 months 
after surgery from ex 
tensive pulmonary 
metastases 

(7) 

B LM 

48 

Metastases from kid- 
ney carcinoma to 
left innominate bone 

Symptomatic and deep 
x-ray therapy 

7 months 


Patient well 12 months 
after surgery 

(8) 

A B 

24 

Squamous carcino 
ma of leg with in- 
guinal metastases 

Local excision of in- 
guinal metastases 

12 months 


Patient well months 
after surgery 


because of malignant disease were reported clinically cured, but state further 
that the follow-up in most instances was most inadequate “ 

A perusal of the literature reveals nine instances of five-year survivals with 
the following histologic diagnoses^ 


Chondrosarcoma 
Chondroma 
Osteoclastoma 
Osteogenic Sarcoma Ilium 


3 patients 
I patient 
I patient 
I patient 
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Extrapen osteal Saicoma i patient 

Spindle Cell Saicoma i patient 

Epidermoid Caiciiioma i patient^" 

It IS suggested that the lou survival rate of reported cases may be the 
result of the follow ing factors 

1 The previous high operative mortality rate 

2 Certain neoplasms known to be radioresistant (spindle cell sarcoma, 
synovial sarcoma) received irradiation as the method choice instead of surgical 
intervention When hemipelvectomy w^as instituted finally, there had been a 
prolonged dela) 

3 Conservative suigical procedures w^eie attempted frequently befoie 
resorting to radical resection The less radical procedures w^ere utilized first 
because (a) they were being appiaised, (b) the surgical inexperience of the 
physician precluded his performing a major procedure, (c) the humane attempt 
of trying to spare the patient the mutilation resulting from hemipelvectomy and 
(d) the erioneous policy of trying a more conservative method first to see what 
It ma)^ accomplish before resorting to the radical curative procedure One may 
be moie consen^ative in the long run frequently by being radical at the outset 

4 Attempts to retain partial function have led certain surgeons to spare 
tissue wdiich should have been resected Sugai baker and Ackerman^ stress 
this feature and have collected from the hteratuie eight patients w^ho developed 
stump recurrences They point out that in four cases the innominate bone was 
incompletely severed and m one instance the gluteus maxnnus was preserved 

PROGNOSIS AND HISTOLOGIC TYPE 

1 Bulky benign lesions such as chondromas, osteochrondromas, neuro- 
fibromas, offer the best prognosis ® 

2 Malignant neoplasms, of low^ grade malignancy of bone (Chondrosai- 
soma)*'’ or w'ell differentiated malignant neoplasms of soft tissue (myxolyso- 
sarcoma periosteal fibrosarcoma, extra-osseous osteogenic sarcoma) should 
offer a good prognosis 

3 Osteogenic sarcoma of the innominate bone oi extension from the femur 
into the hip bone do not offer a very good prognosis Cures, how^ever, have 
been reported 

4 Primary epidermoid carcinoma arising from the skin of the groin and 
infiltrating deeply^'" or metastases from carcinoma which infiltrate inguinal 
tissues (Case 2) may offer a good prognosis in certain instances 

5 Sarcoma of soft tissue, especially fibro sarcoma, rhabdoni} osarcoma and 

synovial sarcoma are the histological types for which hemipelvectomy has 
been performed most frequently and which has produced poor end results 
(3 cases of this series) Of 25 cases labelled saicoma observed in the literature 
there is only one recorded instance of a five-year survival rate These 

figures should not deter one, howrever, trom the performance of radical surgery 
where it is the only method that may completel} extirpate the disease 

6 Hemipelvectomies have been performed for Ewung sarcoma and multiple 
myeloma, but no cures have resulted 
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SUMMARY 

In 1916 J Hogaith Pnngle, an English smgeon who pioneered and devel- 
oped exarticulation of the innominate bone, stated "Theie has scarcely been 
a single opeiation of any magnitude that has not m the early stages of the 
development been looked at askance, and the intei -pelvi-abdommal amputation 
must ahvays remain one of the severest m suigery But, if the real natuie of 
these cases can be lecognized at an early stage and the opeiation can be cairied 
thiough before the patients have commenced to lun dowm m consequence of 
the disease, the moitahty following wull, I believe, be so far diminished that 
justification of the opeiation wull in the futuie be generally admitted ” 

Pi ingle's prophecy has been accomplished and mtei-pelvi-abdominal ampu- 
tation IS today a safe proceduie Emphasis must be placed on utilizing this 
proceduie with dispatch where indicated 

CONCLUSIONS 

1 Disarticulation of an innominate bone and its subjacent extremity have 
been performed 158 times (exclusive of tins report) since the first successful 
resection 52 years ago 

2 The operative mortality has declined steadily from 67 per cent in 1909 
to 566 pel cent m 1916 to iS per cent m 1945 In tuo recent series, Pack 
and Ehrlich (7 cases) and this leport (8 cases), no operative deaths occurred 
Careful pre- and postoperative care and adequate transfusions dui mg the oper- 
ation have contributed significantly toivard reducing the hazaids of hemipel- 
vectomy 

3 Eight cases where hemipelvectomies w^ere pei formed to ablate cancer 
are presented The preoperative preparation, suigical technic, postoperative 
complications and their prevention are discussed 

4 The end results of disaiticulation of the innominate bone for cancer are 
not good Nine instances of five-year survivals are observed in the literature 
(the follow-ups of many repoited cases are not presented frequently) 

Of the eight cases reported in the series, one w^as performed for palliation 
(melanosarcoma) — one patient succumbed two months postoperatively (syno- 
vial saicoma) fiom visceral metastases — ^two patients succumbed fiom p il- 
monary metastases (one with fibrosarcoma in five months, and one periosteal 
fibrosarcoma in eight months) — one patient with Ewing’s tumor has pul- 
monary metastases 24 months following surgery and three patients are appar- 
entl}’’ free of disease 

Note Since the manuscript was prepared for publication three additional hemipel- 
vectomies have been performed 

Case I IS a 35-year-old white male for whom a mid- thigh amputation was performed 
for a fibrosarcoma about the left knee joint Because of radiological evidence of sarcoma 
about the hip joint, a hemipelvectomy was performed and the patient is well and appar- 
ently free of disease one year postoperatively 

Case 2 IS a 32-vear-old white male for whom a hindquarter amputation was per- 
formed for a chondrosarcoma involving the head of the left femur and producing a bulky 
gluteal mass Symptoms had been present for one and one-half years The patient is 
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well SIX months postopei atively except for a low grade osteomyelitis of the opposite 
pubic bone 

Case 3 is a 3S-year-old white female who weighed 203 pounds She had pain of the 
left thigh of two and one-half years duration, and a fracture one year before admission 
A massive neoplasm involving the proximal femur, left hip joint, and medial aspect of 
the thigh necessitated a hemipelvectomy The histological diagnosis was chondrosarcoma, 
With invasion of the femoral vein and erosion of femur Her obesity precluded good 
wound healing and a period of about two months were required before the patient walked 
She is veil and apparently free of disease two years after surgical intervention 
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TALC GRANULOMA — A SURVEY OF ITS INCIDENCE 
AND SIGNIFICANCEn 

Willard B Ross, M D , and Joseph M Lubitz, M D 

Wood, Wisconsiit 

FROM THF DEPARTMENTS OF SURGERY AND PATHOLOGY, THE MARQUETTE UNIVERSITY 
SCHOOL OF MEDICINE, AND THE VETERANS HOSPITAL WOOD WISCONSIN 

In the 14 YEARS since Antopol first described the entity known as talc 
granuloma, numerous clinical and experimental studies have been leported in 
the literature Howevei, there has been an inertia on the part of the medical 
profession to accept the challenge of the danger of the use of talc In spite of 
what has been written practically all hospitals, save those where the problem 
has been made a special study, are still using talcum powder as a dusting 
powder for their surgical rubber equipment 

It was not until we had a death at our hospital from intestinal obstruction 
and fecal fistula directly attributable to talc (reported by Dr A J Swingle^®), 
that we became fully aware of the seriousness of the practice of using talcum 
powder in the operating room This case instigated our consideration of the 
statistical incidence of talc granuloma as a postoperative complication Although 
a review of the liteiatuie revealed many cases resembling those we subsequently 
found, theie was no instance in which a comprehensive survey was made of 
the incidence of the disease in routine surgical material in a given hospital, 
to correlate this with total operative procedures performed With this question 
in mind we reviewed the consecutive surgical pathologic material submitted to 
the laboratory over the past 16 months Not only were we interested m the 
incidence of occurrence, but also if possible to correlate the presence of talc 
granuloma with actual morbidity 


HISTORY 

It IS not the purpose here to completely review the literature on this sub- 
ject This has previously been thoroughly done by Seelig ef al and others 
subsequent to Antopol’s first paper in 1933 Knowledge of the effect of talc m 
tissues has been gradually developed Erb® in 1935 reported six cases of dust- 
ing powder granuloma However, he did not report lesions produced by talc 
crystals, his cases being due to lycopodium spores Owen^® in 193*^ reported 
one case of talc granuloma which caused intestinal obstruction two years 
following appendectomy In 1940 German® reported a case of lupoid-sarcoid 
reaction induced hy a foreign body (silic a) and in 1943 same author 

' Submitted for publication, November, 1948 

t This paper represents part of a thesis submitted by Doctor Ross to the Faculty o 
the Graduate School of Marquette University in partial fulfillment of the requirements 
for the degree of M S m Surgery 

Published with permission of the Chief Medical Director, Department of Medicine and 
Surgery, Veterans Administration, who assumes no responsibility for the opinions 
expressed or conclusions drau n by the authors 
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presented a senes of 50 talc gianulomata, 40 of which were mtra-abdominal 
and were found in patients undei going abdominal surgery for at least the 
second time He further found that if serial sections are routinely taken 
through the omentum of patients previously operated upon, granulomata will 
almost alv ays be found In many of his cases the talc was merely an incidental 
finding and not necessai ily the cause of any complaint Ramsey and Douglass/^ 
McCormick and Ramsey B3Ton and Welch,^ and Ramsey^® all have reported 
additional cases, and the injury now has been described in various parts of the 
body, including intra-pentoneal, intra-thoracic and m skin lesions, scai nodules 
and tumoi masses , in vaginal, rectal, brain, spinal, kidney, breast, ovary, testes, 
penile and parts and in healing surgical wounds, et cetei a, Lichtman ef al 
found granulomatous lesions in malfunctioning intestinal stomata, and demon- 
strated experimentally the impoi tance of talc as the causative factor m the pro- 
duction of fistulas Swingle^® has reported a case of a patient fiom this hospital 
who had a laparotomy for removal of an abdominal tumor and then had 14 
subsequent laparotomies and finally expired from intestinal obstruction and 
fecal fistula caused as a direct result of talc 

PATHOLOGY AND PATHOGENESIS 

Talc powder is a hydrous magnesium silicate and contains 82 7 pei cent 
talc, 8 7 per cent calcium carbonate, 7 6 per cent magnesium carbonate, and 
I per cent moisture Miller et al in 1934 found that quartz, which is 99 plus 
per cent silica, when introduced into the peritoneum produced nodules that 
progiessively increased in size This was apparently due to chemical irritation 
supplied by the solution of silicate in the tissue Particles below 10 micions m 
size are particularly harmful to tissues Talc produces a pseudo-tubeiculous, 
non-caseating, granulomatous type of lesion which previously has been described 
in pathologic specimens merely as chronic granuloma or chronic foreign body 
reactions Lichtman et al^ point out that “material bleached out of the talc 
crystals is not the same as the parent substance as the degree of hydration of 
this derivative substance determines its toxicity ” The talc crystals are not 
inert particles They immobilize the phagocytes wnthoiit destroying them, and 
therefore are not carried into the lymph stream Usually a circumscribed 
granuloma is produced at the original site of contamination Microscopically 
it IS a fibrous granuloma wnth foreign body giant cell reaction Under polarized 
light the smallest talc particles can be seen to be frequently engulfed by large 
histiocytes, wdiereas around the larger particles thei e are typical multmucleated 
foreign body giant cells 

The role of talc in the actual production of adhesions is a point ovei wdneh 
there is marked difference of opinion From their experimental w'ork, Licht- 
nian et al concluded that simple inoculation of talc wnth little infection and 
trauma produced nodules rather than dense fibrosis This point is inteiestmg 
inasmuch as German^ states that talc alone does not cause adhesions, that 
trauma is necessary to produce fibrin and the talc is incorporated m the adhe- 
sions and plays a secondary role Ow^en^"* also found that talc injected mtrapen- 
toneally in labbits pioduced a granulomatous lesion but no adhesions On the 
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other hand Lee and Lehman® state that when diy talcum powder is dusted over 
the serosal sui faces without trauma, massive dense uncountable adhesions are 
pioduced It is fuither interesting to note that as fai back as 1934, Bethune^ 
described a technic foi the dehbeiate production of plenial adhesions as a pre- 
liminary to lobectomy by the use of pleuial poudiage with talc In retrospect 
it IS odd that surgeons using ta^c theiapeutically to pioduce adhesions did not 
realize that they weie also powdering their gloves with the same substance for 
operations in which adhesions weie not desiiable 

Appaiently there is extreme vai lability in the individual reaction to talc 
This IS seen clinically inasmuch as some v oiinds u ith talc fail to heal, or break 
down within a few weeks following initial healing In other cases, a period of 
years may elapse between inoculation with talc and the production of s-\inptoms 
The longest time inteival between talc contamination and treatment in any 
of oui cases was nine yeais Otheis have repoited granulomata developing in 
seals as long as 36 yeais after inoculation vith talc fLichtmaiT’ 

The presence of a talc gianuloma does not necessarily presuppose a pre- 
vious surgical procedure Cases of dacroc)'stitis caused b)"^ talc have been 
repoited m personnel working in surgical supply rooms wheie dust counts aie 
extremely high In one of Gei man’s cases’ the causative agent (silica) was 
introduced into the tissues nhen the patient suffered a scalp vound while 
mountain climbing P'urthei more, gianulomatous lesions of the lectum and 
vagina also may occur after the prolonged use of suppositories coated with talc 

Oui own cases, howevei , all occiii red following previous surgery, either at 
this hospital or elsewhei e The talc erj stals may have been deposited into the 
wound by pai tides settling from the an — especially inasmuch as we do not 
have a separate room in which the doctois may “gown and glove” — this being 
done in the operating room pioper In most cases obviously the source of talc 
is from the surgeon’s glove, both fiom the outside of the glove as well as 
following perforation In a study by W eed and Groves^® it v as observed that 
in a series of 4,589 operative proceduies theie was a perfoiation of one or 
more gloves in 744 per cent of the opeiations and that 22 6 per cent of the 
gloves that weie used were peiforated Also, the talc ma}'’ be intioduced into 
the uound on cotton packs and sponges as well as on rubber drains At this 
hosDital rubber drains weie foimerly liberally powdered with talc for auto- 
claving and It IS believed that this piocedure is earned out in most hospitals 
throusrhout the countiy Swingle^® states that regaidless of how thoroughly 
the drains aie washed, subsequent examination under the polarizing micro- 
scope still reveals biiefringent crystals clinging to the lubber 

ANALYSIS OF MATERIAL 

Talc crystals weie identified by examination under a polarizing microscope 
They are seen to be doubly refiactile, varying in size up to 10 microns, and of 
irregular configuration A positive statement cannot always be made whether 
or not a given gianulomatous lesion is due to talc alone Although talc can 
be found in many specimens, it may be merely contributory or incidental and 
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not necessarily the primaiy etiologic factor in the production of the granuloma 
It was consideied significant only when it produced tissue reaction character- 
ized by phagocytosis of the talc ciystals b)^ histiocytes and giant cells and by 
the piesence of fibrosis and tubercle formation Othei double refracting sub- 
stances which must be distinguished from talc include hair, lint, suture mate- 
rial, cholestei ol crystals, vegetable fibers, cotton fibers, et cetei a 

With the above mentioned criteria in mind, a general leview was made of 
1,912 consecutive suigical specimens submitted to the pathologic laboratory 
A total of 33 specimens containing talc gianuloma was found Eight of these 
were in recur lent pilonidal sinuses, there having been 21 lecurrent pilonidal 
sinuses in the entire series The remaining 25 specimens (from 21 patients) 
had been pieviously identified as nonspecific inflammatory granulomas 

CLASSIFICATION OF CASES 

Talc granuloma was found m 33 specimens obtained fiom 29 patients 
(Table I) A breakdown of these cases is as follows 

I Clu omc Gi annlomas as Diaunng Svmses Chest Cases — 9 

a Seven of the granulomas were from five patients with pulmonary tuberculosis, 
the lesions being a draining sinus tract or chronic granulomatous lesion at the 
site of a thoracoplasty or a thoracotomy wound, and in one case at the site of a 
phreniclasia wound In none of these sections could tuberculosis be found 
b There were two non-tuberculous chest cases 

(1) One case was a wound granuloma and sinus tract following thoracotomy 
for empyema from a ruptured amebic abscess of the liver Four revisions 
of the wound vere required before healing finally occurred 

(2) One case developed a broncho-pleural fistula following a thoracotomy for 
post pneumonic empyema 

II Chi omc Diatmng Sinuses and/ 01 Fistulac Non-Chest Cases — 9 

a Four draining sinuses of the lumbar region all found in second or later oper- 
ations following an initial operation for (1) shell fragment wound, (2) 
nephrectomy foi tuberculous kidney, (3) lumbar sympathectomy, (4) osteo- 
myelitis of the sacrum 

b Two fecal fistulae following appendectomy for perforated gangrenous appen- 
dices One of these healed on excision of the sinus tract and repair of the 
bowel, and the other fistula persisted for four months until the patient died 
c One pararectal sinus, operated upon five times — (three times at this hospital) 
befoie healing finally occurred 

d One rectal fistula which had been draining since initial surgery two years pre- 
viously This patient had pulmonary tubeiculosis but no tuberculosis of the 
rectal lesion was demonstrated on the microscopic section 
e One case of intestinal obstruction and fecal fistula which caused death of the 
patient and was directly attributable to talc 

III Inflammatoiy Masses — 3 

a A tumor of the jaw which had progressively enlarged since the patient received 
initial treatment for gunshot wound of the mandible five years previously 
b A tumor mass of the right spermatic cord which had developed following 
hei morrhaphy three months previously (Hematoma was also a factor ) 
c Talc granuloma superimposed on an angioma which had been partiallj" 
removed at the initial operation three years previously 

IV Non-Union of Radius — 1 
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V Cluomc Cholecystitis and Malfunction of Cholecystodiiodenostoniy — 1 

VI Recnrient Cases of Pilonidal Sinuses — 8 

Cases described above under I b (2), IV, and V (cases number 6, 16 and 20 respec- 
tively in Table I), and the group of cases under VI are deserving of special mention 

Case 6 — Broncho-plcinal Fistula with Talc Giamilonia 

The patient was a 52-year-old white male who entered the hospital April 29, 1947, 
complaining of cough and dyspnea Symptoms had developed a few weeks following right 
lower lobe pneumonia A diagnosis of empyema was made on the basis of physical and 
X-ray findings and on April 30, I947i a thoracotomy and open drainage from the empyema 
cavity was done by Dr Wilson Weisel, Consultant in Thoracic Surgery The empyema was 
extensive with total collapse of the lung Three large rubber drams were inserted into 
the thoracotomy wound for drainage Following this the patient developed a broncho- 
pleural fistula and a "frozen” lung On August 12, 1947, decortication was done to permit 
free motion of the lung, a considerable portion of the pleura and scar and granulation 
tissue being removed The involved bronchus was closed with interrupted sutures of 
000 black silk and the wound was closed using a muscle flap to fill the cavity defect The 
fistula remained closed and the wound healed well The surgical specimen consisted of 
pleura and granulation tissue removed from the region of the involved bronchus The 
removed tissue microscopically showed a marked proliferation of fibrous tissue with groups 
of lymphocytes, plasma cells and eosinophilic cells, with occasional foreign body giant cells 
which were seen engulfing small refractile crystals which were birefnngent with the 
polarizing lens 

Case 16 — Non-Union of Fractuie of Right Radius zvith Talc Gianuloma 

The patient was a 23-year-old white male who sustained a simple fracture of the 
right radius September 28, 1946 An attempted closed reduction was unsuccessful and 
therefore an open reduction was performed on October 3, 1946, by Dr P Collopv, Con- 
sultant in Orthopedic Surgery, with insertion of a metal plate and screws The operative 
wound healed well, and the patient was discharged with his arm in a plaster cast When 
he returned to the Out-Patient Department nine weeks after surgery for follow-up treat- 
ment, it was found that the wound had partially broken down and there was a moderate 
amount of granulation tissue and a seropurulent exudate at the wound site X-ray at 
that time reported “only minimal new bone formation at the fracture site ” The wound 
failed to heal under conservative treatment which included a regime of penicillin and 
sulfadiazine On March 4, 1947, five months after the initial operation, the plate, screws 
and fibrous tissue from the site of non-union were removed, and the fragments were 
immobilized by means of Kirschner wires and a plaster cast The surgical specimen 
showed fragments of bone encased m fibrous tissue In addition there was an inflamma- 
tory infiltrate and an amorphous crystalline double refractory material, identical with 
talc crystals, enclosed in giant cells The wound healed by first intention and three weeks 
later the patient was again operated, at which time a bone graft was applied to the site 
of non-union An intermedullary as well as an onlay graft was used in order to correct 
a one-inch defect of the radius The wound healed postoperatively without complication 

Case 20 — Cholecystitis, and N on-Fimctioniiig Cholccvstoduodenostowy zvith Talc 
Granuloma 

This patient was a 45-year-old white male who entered the hospital July 13, 194^1 
because of an incisional hernia at the site of a previous laparotomy for gallbladder disease 
He gave a history of having had a cholecystoduodenostomy m 1937. ^^d an expIorator5'' 
laparotomy in 1945* because of persistent biliary tract symptoms At the time of his 
second operation (done in an overseas army hospital) the surgeon noted a contracted 
gallbladder and a greatly distended common duct which was explored and drained No 
stones were present, and there was no apparent blockage of the common duct The reason 
for the original cholecvstoduodenostomy is unknown On admission to this hospital it was 
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10 Ruptured Appendix Appendectomy Fecal Fistula Biopsy of fistulous tract Talc granuloma in ex- 1 1 Fistula faded to heal 

cised fistulous tract (Died) 
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19 Right Inguiml Hernia Herniorrhaphy Tumor mass right groin E\cision of tumor Talc granuloma and or- 1 1 Cured 

ganized hematoma 

20 Gall Bladder Disease Cholecysto Chrome Cholangitis Common duct drainage Chrome talc granuloma 1 1 Healed (Symptoms 

duodenostomy Cholecystectomy at site of Cholecysto alleviated ) 

duodenal anastomosis 
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noted that he had an icteiic tinge to his skin and the icterus index was 22 The preoper- 
ative diagnosis at this hospital was chronic cholangitis based on the history of recurrent 
bouts of jaundice, chills and fever following cholecystoduodenostomy Laparotomy was 
performed on July 30, 1946, by Dr F Raine, Senior Consultant in Surgery Since 
cholecystogram revealed patency of the common duct, the anastomosis from the duodenum 
was taken down and the gall bladder was removed Postoperatively, the patient had a 
stoimy couise wnth exacerbations and remissions of his cholangitis, but succeeding attacks 



Fig iA — (Case 20) Cholecystitis showing talc granuloma in wall of gall- 
bladder at site of duodenal anastomosis (low power field) 


were decreasingly severe and his icterus index gradually returned to normal The micro- 
scopic examination of the gallbladder shoAved the mucosa to be normal but the Avail shoAved 
round cell infiltration in the submucosal area and Avithin the muscularis a large area Avas 
found to be surrounded by fibrous tissue, in Avhich there Avere epithelioid cells and giant 
cells, some of Avhich engulfed foreign particles Avhich Avere identified under the polarizing 
microscope as talc crystals (Fig la and ib) 

Talc Gj amiloina in Recui 1 ent Pilonidal Sinuses A special study AA'as made 
of pilonidal sinuses Since they are notably prone to recur, the thought Avas 
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entei tamed that talc might be lesponsible for these lecunences Theie was 
a total 58 pilonidal specimens, of winch 37 were primaiy and 21 were recurrent 
Talc crystals nere not found in any of the primary cases In eight (38 per 
cent) of the 21 recurient cases, talc was found However, m all recurrent cases, 
remnants of epithelial cyst 01 sinus could be demonstrated Thus it could be 
established that talc was not the primary cause for recurrence of a pilonidal 
sinus The possibility that the talc crystals acted as an irritant to the lesion 
causing symptoms necessitating another operation cannot be excluded 



Fig iB — (C ase 20) Same as lA under polarized light, showing talc crystals 
within macrophages and giant cells (low power field) 


DISCUSSION 

From our study, no support can be given for 01 against the previously 
mentioned dispute as to whether talc alone is innocuous without associated 
trauma A large per cent of talc granulomata were found in thoracic (thoiaco- 
plasty and thoracotomy) cases There weie 12 specimens from thoracic cases 
in this senes which had been diagnosed previously as non-specific inflammatory 
granulomas Nine of these were found to be talc granulomas The multiple 
stage procedures employed and the use of drams and fiequent dressings 
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lequired in these cases affoid lepeated trauma as well as increased opportunity 
for talc implantation 

We believe that Case 6 is the first case of talc granuloma in a broncho- 
pleural fistula to be lecorded Intraabdominal fistulae due to talcum powder 
have been repeatedly lepoited, and this has also been observed in experimental 
animals In our case it cannot be stated how much of the responsibility 
talc must bear as the cause of the fistula, but at least it is a contributing factoi 
to prevention of spontaneous closure of the sinus 

In the case of non-union of the ladius (Case i6), it cannot be proved that 
talc alone was the cause of non-union However, this was a clean case of elec- 
tive surgery The operative wound was healed at the time the patient was dis- 
charged It subsequently broke down and continued to dram and would not 
respond to conseivative therapy This clinical picture of wound breakdown 
after primary healing, with the foiniation of a draining sinus that failed to heal 
on the usual regime of heat, rest, elevation, and antibiotics, is characteristic of 
talc granuloma In addition, the microscopic evidence of typical talc granuloma 
m the fibrous tissue from the site of non-union indicates that talc in this case 
was the cause of non-union The fact that pi unary healing rapidly occurred 
subsequent to the removal of the plate and fibious tissue containing the talc, 
plus the fact that there is no other reasonable explanation for the failure of 
healing after initial plating, adds strength to the argument for talc as the 
etiologic agent here We have found no previous reported case of non-union 
of a fracture due to interference of healing by talc 

In the case of gallbladder disease (Case 20), the inti eduction of talc into 
the wound at the time of initial surgery resulted in prolonged morbidity of the 
patient The cause for the patient’s original operation is not known Neverthe- 
less there was interference with function of the cholecystoduodenostomy as is 
evidenced by the observation of the surgeon at the time of the second operation 
for choledochotomy and drainage He noted that the common duct was greatly 
distended and that the gallbladder was markedly contracted and apparently not 
functioning as a channel for the transport of bile to the duodenum The talc m 
this case was not merely coveied over with serosal cells so as to produce nod- 
ules on the peritoneal surface, as is usually the case, but was actually found in 
the wall of the gallbladder in the submucosal area and within the inuscularis 
The crystals undoubtedly were placed there when the cholecystoduodenostomy 
was performed We feel justified in thus assuming that the gallbladder disease 
was due to talc This was, in fact, a talc cholecystitis We have found no 
similar case recorded in the literature 

There is a marked difference of opinion as to the incidence of talc granu- 
loma Fienberg* in 1937 reported two cases and stated that in a review of 
30,000 specimens he had found a total of but five cases Saxen and Tuovinen^® 
in 1947 also report a low incidence, having found but six cases in 5,241 speci- 
mens German'’ on the other hand, as mentioned above, reported 50 cases of 
talc granuloma, and stated that serial sections through the omentum of patients 
undergoing abdominal surgery for the second time would almost always contain 
talc We found 33 cases of talc granuloma in a consecutive series of 1,912 
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suigical specimens This would indicate that i 7 per cent of the consecutive 
surgical procedures that wei e done were necessitated entirely or in part by talc 
Actually, howevei, the figuie is piobably even higher than this, since a great 
number of u ound granulomas and sinuses that ai e excised, many of which may 
contain talc, nevei reach the pathological laboiatory As an example, one 
patient had a chronic draining sinus excised on four different occasions and 
only one specimen was sent to the pathological laboiatory, this specimen being 
a talc lesion It is interesting to note (Table I) that of the 29 patients from 
whom these 33 specimens weie obtained, 16 patients had one re-operation of 
the talc lesion concerned, whereas 13 patients (44 8 per cent) were reoperated 
two or more times, one patient having ten and anothei fourteen re-operations 
Theoi etically the talc could have been inserted into the wound at the time of the 
initial surgeiy or at any of the subsequent operations prior to the last one It is 
further significant to note that these 29 patients undenvent a total of 71 oper- 
ations subsequent to their 29 initial pioceduies 

CONCLUSIONS 

1 In a series of 1,912 routine consecutive surgical specimens, talc granu- 
loma w^as found m 33 

2 Of the consecutive suigical proceduies from wdiich the above specimens 
were obtained, i 7 per cent of the operations performed w^ere necessitated in 
wdiole or in pait by talc 

3 Draining sinuses followung chest surgery w^ere found to be frequently 
complicated by talc granuloma In specimens from nine out of the twelve chest 
cases examined, talc was considered to be a major factor m the production and 
persistence of these sinuses 

4 To the reported cases of talc granuloma, one each of broncho-pleural 
fistula, failure of function of a cholecystoduodenostomy, and non-union of a 
fracture of the radius, is added 

5 In eight of 21 cases (38 pei cent) of recuirent pilonidal sinuses, talc 
reaction w^as noted Since m each case residuals of the sinus tract could be 
demonstrated, lecurrence of the sinus could not be primarily attributed to talc 
The talc may, how^ever, act as an in itant necessitating revision 

6 Excision of the granuloma with the talc with resultant healing of the 
wmund was accomplished in 21 out of the 29 cases of talc granuloma 

7 The inadvisability of the use of talc as a dusting powder is again 
emphasized 

Note Photomicrographs were kindly prepared by Mr Leo Massopust of Marquette 
University School of Medicine 
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COMPLICATIONS OF GASTRO-INTESTINAL INTUBATION-*- 

John S Chaffee, M D. 

Erie, Pa 

TROM THE SURGICAL srR\ ICES OE EPISCOPAL HOSPITAL, PHILADELPHIA PA , 

AND HAMOT HOSPITAL ERIE PENN A 

G^stro-intestinal iNiuBAiiON IS One of the most important of the non- 
operative procedures available for the hospital care of patients There is 
baldly any poition of the ahmentaiy tract that has not been aspirated, deflated, 
fed 01 treated by rubber tubes That such extensive threading of tubes through 
32 feet of undulating, flexible, twisting intestine has encountered so few acci- 
dents is even more phenomenal than the occasional interesting account of such 
mishaps Case repoits of accidents resulting from gastro-mtestmal intubation 
have been intermittently creeping into the literature Some are merely medical 
curiosities, others have recorded tragedy for patients Although the subject 
merits a collective review, it is believed that no article devoted exclusively to 
the complications of gastro-mtestmal intubation has been previously published 
It IS emphasized at the outset that disturbances m fluid and electrolyte 
balance induced by the indiscriminate use of gastro-mtestmal suction are by 
far the most frequent and dangerous complications One has only to measure 
the 24-houi volume and chloride content of secretions aspirated by a stomach 
tube to appreciate how quickly dehydration, hypochloiemia and alkalosis may 
develop in a patient in whom these substances are not replaced This physio- 
logic phase of the subject has been amply covered by others as have the indi- 
cations and contraindications of gastro-mtestmal intubation This paper is 
devoted entirely to the less discussed complications due to the mechanical pres- 
ence of tubes m the intestinal tract 

Four case reports fiom the author’s personal observation are submitted 
The first two are knotting lespectively of a Levine and Miller- Abbott tube 
in the stomach, the third a fatal hemorrhage from prolonged contact of a 
Miller-Abbott tube with esophageal varices, and the fourth a perforation of a 
gastric carcinoma from an indwelling Levine tube 

The complications of gastro-mtestmal intubation may be classified as 
follows 


1 SINUSITIS AND OTITIS MEDIA 

An inlying lubber tube of long standing m the nasal passage can create an 
mflammator}^ response of the nasal mucous membrane Sinusitis then develops 
from infection coupled with impiopei drainage of the sinuses For similar 
reasons otitis media is a not infrequent complication of indwelling nasal tubes 
in cniidien Apparently of no serious import judging from lack of emphasis 
m the literature, these complications ai e mentioned more for sake of complete- 
ness It IS obvious, however, that it is undesirable to use mdnellmg nasal tubes 
in patients with head colds or acute sinusitis 

* Received for publication, September, 1948 
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II. ESOPHAGEAL STRICTURE 

Pathologists frequently observe inflammatory leaction and eiosions at 
autopsy m the esophagi of subjects who were submitted to prolonged gastric 
intubation befoie death Vinson^ reports three cases of benign cicatricial 
stricture of the esophagus in patients submitted to continuous intubation for 
periods vaiying fiom two to four weeks All responded favorably to repeated 
esophageal dilatations Vinson cites this as a new cause for esophageal stric- 
ture which may crop up in the future and foi which investigation should be 
made m patients having dysphagia following prolonged gastric intubation 

III LARYNGEAL OBSTRUCTION 

This is perhaps the most feared and insidious complication of gastrointes- 
tinal intubation One cannot read the case reports without forever after being 
on the alert for the premonitory symptoms Nineteen case reports are avail- 
able of laryngeal obstruction caused by the presence of inlying tubes in the 
esophagus Of these, 15 required tracheotomy and four died The ages of 
these patients varied from five to 62 years The Miller-Abbott, Levine, and 
Jute tubes were implicated 

The lessons to learn from the ten case reports of Iglauer & Molt^ aie that 
the obstructions can be insidious ox rapid and that invaiiably they occur days 
ajte) the tubes have been removed In their senes tubes remained in the 
stomach from 6 to 20 days, the average being days Tracheotomies were 
performed from 5 to 30 days following removal of tubes from the esophagus 
In one of the three cases reported by Holinger and Loeb,® a tiacheotomy was 
required seven weeks after the withdrawal of a Levine tube which had been in 
place only four days At the time of publication of their article all but one of 
the tracheotomies performed by Iglauer & Molt were peimanent Others 
reporting cases of laryngeal obstruction are Wangensteen^ (two cases), Kauf- 
man et al ^ Mahon,® Hippenmeier,'^ and Soubiion et al ® (each one case) 

The essential findings in these cases were those of pressure necrosis of the 
esophagus near its attachment to the body of the ci icoid cartilage At this point 
the thin wall of the esophagus affords very little cushion between the mucous 
membrane and the cartilage Perichondritis and ulceration of the mucous mem- 
brane of the adjacent cricoid caitilage follows with consequent acute sub- 
glottic stenosis of the larynx 

The warning symptoms of impending laryngeal obstruction in these cases 
are dyspnea, dysphagia, hoarseness, blood streak sputum, and croupy cough, 
The onset of dyspnea is an ominous sign, for this develops giadually over a 
period of days Less frequently does dyspnea develop rapidly before tra- 
cheotomy IS required Kaufman et al recommend daily mirror inspection of the 
larjmx for inflammation or edema and withdrawal of the tube if the patient 
develops dysphagia or hoarseness 

IV KNOTTING OF THE TUBE 

Many radiologists have observed potential knotting of a tube in the 
stomach, but in its u ithdrawal the knot is usually disentangled Removal from 
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the stomach via the esophagus of a knotted tube doubtless has occurred more 
than the lepoits would indicate The repoits of Billings,” Boles, Niles,^^ 
Golob,^“ Paviot & Levrat,’-” Fiancesco,^'^ and Martini et make a collection 
of seven cases of knotting of tubes Each i epoi ts a case of knotting of a metal 
tipped Rehfus t5^pe tube m the proceduie of biliary diainage All but one of 
these tubes knotted in the stomach and in each case the incident was attributed 
to gastric hypei motility 

In the case of Billings a Rehfuss tube w^as passed wuthout incident for pro- 
posed biliaiy drainage After w^aiting 30 minutes for passage into the duode- 
num, the patient suddenly became dyspneic and attempted to remove the tube 
herself, but encounteied difficulty passing the cardiac orifice By having the 
patient sw^allow w atei her physician w^as able to draw^ the tube past the cardiac 
orifice and slowdy by resistant jerky efforts to bring it up the esophagus Twm 
separate single knots w’ere present starting one inch from the metal tip With 
the exception of Paviot & Levrat’s case all tubes knotted in the stomach and 
w^ere withdrawal in a similar lesistant jeiky manner wathout any apparent after 
ill-effect on the patient 

The most unusual repoit is that of Paviot and Levi at from France At 
9 00 p M a nearly new^ metal tipped Einhorn tube w'as passed for biliary 
drainage without incident on a 37-yeai-old male having cholelithiasis During 
the night 80 cc of bile had diained from the duodenum The next morning 
after giving atropine and magnesium sulfate the patient became nauseated and 
attempted emesis Only 10 cm of the tube could be wathdrawai and this was 
apparently from stretching of the rubber in an otherwise immovable tube 
Radiologic examination disclosed a double complex knot of the tube in the 
duodenum caught against the pyloi ic sphincter Ati opine and bromides failed 
to permit withdrawal The followang day the tube was divided w ith scissors as 
far down the pharynx as possible Forty-eight houis later the entire tube 
along wath the double knot measuring 3x5 cms passed spontaneously at the 
anus These authors attributed this accident to the prolonged presence of the 
tube in the duodenum Whether the tube might not have tied itself in the 
stomach and then passed tin ough the pyloric sphincter is not mentioned 

Two additional instances of knotting of tubes wathin the stomach are given 
fiom the authoi’s expeiience while surgical resident at the Episcopal Hospital 
m Philadelphia 

Case 1 — W J , 38-year-old colored male had an ileocolostomy and exteriorization 
of a gangrenous irreducible ileocecal intussusception on November 17, 1947 Postopera- 
tively a Levine tube was passed It remained in place 5 days and was then withdrawn 
because of ineffective drainage The interne was surprised to find the tube tightly tied in 
a single knot one inch from its tip 

Case 2 — J S , male, age 56, had sjTOptoms of intermittent large bowel obstruction 
of 5 days duration On December i, 1947, a Miller-Abbott tube w'as passed at 9 00 p m 
T he follownng morning after drainage of 240 cc of gastiic contents, the patient passed 
flatus and a formed stool It w'as decided to remove the tube and give barium by mouth 
The clamp on the balloon side of the tube was remo\ed in the routine manner The 
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patient asked to withdraw the tube himself and in so doing encountered considerable jerky 
resistance After moderate effort the tube and knot came out the nose (Fig i) Four 
inches from its tip the tube was tied in a single loop knot The balloon was empty and 



Fig I — Photograph of Miller- Abbott tube knotted 4 inches from its tip 
It was withdrawn by a patient after being in his stomach 12 hours 


unruptured which suggested that the knot must have been tightly drawn at the time of 
removal of the tube and just after the escape of air from the balloon The patient had no 
ill effects from the incident 
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V RUPTUHE OP ESOPHAGEAL VARICES 

Schmdler’^® lists esophageal varices among the absolute contraindications 
for gastioscopy, feaiing heinorihage fiom its use It would seem that for paral- 
lel reasons esophagogastric intubation would be contraindicated m any patient 
with cirrhosis of the hvei suspected of having esophageal varices A review of 
the Index Medicus since 1912 has failed to unearth a single article or case 
repoit devoted to rupture of esophageal vanx from a tube inlying in the 
esophagus The following case report should therefore be interesting, if indeed, 
this is the first such case report 

Case 3 — H S , 63-year-oId male was admitted to the medical service of Episcopal 
Hospital, Philadelphia, on January 22, 1947, with acute onset of knife like precordial pain 
of 15 minutes duration, orthopnea, and abdominal distention allegedly of 4 days duration 
He was a known alcoholic His cardiac failure responded well to digitalization The 
abdomen was distended but not tender and presented a shifting dullness Radiologic 
survey of the abdomen revealed distention of the stomach and small intestine Some 
confusion existed as to the cause of the patient’s abdominal distention Believing there 
existed a combination of ascites and intestinal obstruction the resident passed a Levine 
tube into the stomach for continuous suction On January 23rd a Miller-Abbott tube was 
passed and on January 24th radiologic examination disclosed its tip well into the small 
intestine with considerable diminution in the distention After the removal of 4 liters of 
serous fluid with specific gravity of i 012 by paracentisis abdominis, the liver edge was 
readily palpated at the level of the navel It was firm and coarsely nodular The Miller- 
Abbott tube remained in place to prevent recurrence of intestinal distention On January 
29th, after 7 days of intubation, he vomited about a liter of bright red blood followed by 
the passage of bloody stool a few hours later In spite of repeated transfusions and other 
supportive measures, the patient died of exsanguination on January 31st, 36 hours after 
the onset of hemorrhage 

At autopsy about 3 liters of straw colored fluid was free m the peritoneal cavitj’^ The 
liver weighed 1850 Gm , was studded on its surface with brown nodules as great as 2 5 
cms in diameter This nodularity continued throughout the parenchyma as circum- 
scribed tumor masses, some of which were soft and others almost cystic or necrotic 
Very little normal liver tissue could be demonstiated The spleen weighed 240 Gm The 
entire gastro-intestinal tract was filled with clotted fresh blood No obstruction was 
present The esophagus was grossly inflamed and presented numerous varicosities of the 
distal third There was frank ulceration and necrosis of the mucosa overlying at least 
2 of these veins It appeared that this had been the source of the bleeding 

Histologic examination of the liver tumor performed by the Department of 
Pathology at Temple University Hospital confirmed the impression that this was a 
primary hepatoma superimposed on a long standing cirrhosis of the liver Microscopic 
sections of the esophagus (Fig 2 and 3) demonstrated varicosities with deep ulceration 
of the mucous membrane 

Comment While it cannot be proved that this hemorrhage from esophageal 
varices might not have occurred spontaneously without the piesence of an 
indwelling tube, the knowledge that a Miller-Abbott tube was in contact for 
SIX days with varices of the esophagus and the demonstration of esophagitis 
and ulceration at autopsy appeal to bear more than coincidental relationship 
to the hemorrhage 
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VI EUPTtTRED VISCUS 

It IS a surgical punciple to obviate pressure necrosis and peifoiation of such 
structures as blood vessels, mesenteiy and serosa of gut by studiously avoiding 
prolonged contact of these structures with haid rubber drains and tubes 
Analogous to this it might be implied that similar precaution should be exer- 
cised m legard to intestinal intubation, at least with respect to diseased gut A 
M^ealth of experience with intubation under all circumstances had shown little 
cause for concern until the revealing papeis of Mahon, ° Ehason and Welty,^'' 
Berger and Achs,^® and Hohnger and Loeb Then cases are here abstracted 



Fig 2 Fig 3 

Fig 2 — Photomicrograph of esophagub of Case 3, showing stratified squamous epithelium 
undergoing necrosis with invasion by lymphocytes and neutiophils x 100 
Fig 3 — Photomicrograph of esophagus of Case 3 This shows greatly dilated and blood 
filled veins in the submucosa of a patient with esophageal varices x 100 


along with an additional one by the authoi to ser\ e as a warning that perforated 
gut can occur from the presence of inlying tubes That each case is different 
suggests the wide possibilities of this accident 

The first case report of ruptured stomach attributed to the presence of an 
inlying gastric tube is that of Mahon A female had 18 inches of gangienous 
ileum resected with end-to-side anastomosis of ileum to ascending colon A 
Levine tube was passed into the stomach foi aspiration and lemamed in place 
nine days Tw'o days folloAvmg removal of the tube she suddenly developed 
lar3mgeal obstruction necessitating a tracheotomy Death occurred in 10 hours 
At autopsy massive atelectasis of two lobes of the lung secondary to complete 
inflammatory occlusion of the larynx was seen along with four areas of necrosis 
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on the antenoi wall of the stomach just above the gi eater curvature Perfor- 
ation of the stomach had occuired through two of these areas presumably by 
piessure necrosis The cause of death was due to peritonitis and massive 
atelectasis 

The second m this series is a case report by Ehason and Welty suggesting 
the possibility of perforated esophagus from intubation Their 44-year-old 
female patient w as intubated by a Levine tube for 36 hours following a resec- 
tion of strangulated small bow^el The tube w^as then removed because of respir- 
atoiy distiess Repeated vomiting of coffee ground material followed removal 
of the tube At autopsy a rupture of the anteiior wall of the distal end of the 
esophagus was found The adjacent mediastinal tissues were deeply stained 
ivith partially digested blood These authors mention that the role which the 
Levine tube may have placed is unceitam A third and similar case was 
repoited by Hohnger and Loeb Their 57-year-old female patient eviscerated 
eight days after a gastroenterostomy for extensive carcinomatosis Because the 
“stomach tube” was poorly tolerated by the patient it was removed and repeat- 
edly reinserted during a period of ii days A final overzealous attempt to 
insert it resulted 111 a perforation of the esophagus with death from a medias- 
tinal abscess 

The fourth in this series is the case reported by Berger and Achs A 40- 
year-old female ivas admitted with small intestinal obstruction caused by an 
adhesion band at the ileum Because the patient refused operation, a Miller- 
Abbott tube was passed It migrated to the ileum to a point where it would 
not proceed further in spite of the fact that it was repeatedly withdrawn to the 
r8-mch mark over a period of 12 days On the tenth day of intubation there 
was no drainage from the tube On the 12th day of intubation a celiotomy dis- 
closed the metal tip of the Miller- Abbott tube protruding through a perforation 
in the ileum just proximal to the obstructing band The balloon was unrup- 
tured The patient made an uneventful recovery after division of the band 
and closure of the perforation This accident was attributed to pressure 
necrosis of a dilated, thin walled, and obstructed intestine caused by prolonged 
contact with the metal tip The authors believed this to be the first report of 
rupture of small intestine from intubation 

The fifth in this senes is case 4 reported by the authoi 

Case 4 — A G, No 8067, male, age 56, admitted to Hamot Hospital, Erie, Penna , 
on October 19, 1946, having been referred by Dr Harold Ghenng, of Edinboro, Pa 
The patient had a two-weeks history of marked weight loss, anorexia, and vomiting 
Physical examination was essentially negative aside from presence of marked cachexia 
Peritoneoscopy performed on October 21st disclosed pyloric carcinoma with liver 
metastasis Because of obstructive symptoms a gastroenterostomy was decided upon The 
patient’s stomach was prepared for two days with continuous Levine tube suction and 
gentle lavage with normal saline solution On October 23rd Dr Orel Chaffee performed 
a celiotomy through a left para-median incision The tumor previously visualized by peri- 
toneoscopy was found encircling the distal third of the stomach, Fig 4 On the anterior 
surface of the stomach through the midst of the tumor there was a perforation about 8 mm 
in diameter through w'hich the tip of a Levine tube was just protruding into the pen- 
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toneal cavity A plastic exudate encircled the perforation There was almost no fluid m 
the peritoneal cavity and very little inflammatory reaction The stomach which had been 
frequently flushed and continuously aspirated for 48 hours in preparation for gastric 
surgery was now clean, empty, and of normal si7e The tube was withdrawn 4 inches by 
the anesthetist and the perforation in the tumor closed by a purse string suture of No 0 
chromic catgut An anterior gastroenterostomy was then performed The patient made 
an uneventful recovery and at the time of hospital discharge on November 7th had 
gained 5 pounds and was able to ingest a soft diet without distress According to Doctor 
Ghering his condition continued at home unchanged until November 30, 1946, when he 
died suddenly of a coronary infarction 



Fig 4 — Case 4 Artist’s concept of Levine tube perforating stomach 
at area of carcinomatous degeneration Inset at right is a schematic drawing 
of the tube in relation to the stomach 


Comment Here again the peif oration is attributed to pressure necrosis 
of the stomach by an inljung tube In this case it occurred in only two days of 
intubation because this was a carcinomatous stomach A lule to grow out of 
these experiences is the following “Make sure that the tip of the tube changes 
its position in relation to the gut daily ” This can best be done by having the 
patient either swallow more tubing or withdraw a portion each day 
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Bisgaid and Overmiller^® collected 217 reported cases of spontaneous rup- 
ture of the stomach Glassman^'^ in his classical review of spontaneous perfora- 
tion of the stomach warns that very slight trauma may cause perforation of a 
diseased stomach wall Stiassman^^ and Key-^ have each reported a case of 
spontaneous lupture of the stomach during gastric lavage These mishaps 
were doubtless due to the volume or force of fluid used m the diseased stomach 
and not to the pi esence of a tube As such they would be classified along with 
the remarkable case reports of Lemmon and PaschaP^ and Murdfield In their 
patients the stomachs 1 uptured after being filled with large quantities of beer or 
other fluids followed by ingestion of sodium bicarbonate 

VII INABILITY TO WITHDRAW THE BALLOON TIPPED TUBE 

It IS entirely possible that a situation could exist where the balloon of a 
Millei -Abbott tube could not be deflated Patency of the air channel of the 
tube and free communication with the balloon should be determined daily 
This may be done by aspirating all air out of the balloon after removing the 
clamp on the air outlet tube In a dry syringe, about 1 5 to 20 cc of air may then 
be injected into the balloon If there is a free communication of the air chan- 
nel the plunger will be foiced back into the syringe by the elasticity of the 
balloon If theie is doubt about whether the balloon is deflated or any resist- 
ance encountered in withdi awing the tube, one should never forcibly pull on 
the tube A roentgenogram will immediately determine whether or not the 
balloon is collapsed 

Wangensteen-" cites the case of an houi glass deformity of the balloon 
occurring at the ileocecal junction The tube could not be withdrawn nor 
could the jDortion of the balloon beyond the ileocecal sphincter be deflated 
Finally the balloon spontaneously ruptured permitting withdrawal A tentative 
diagnosis of stricture at the terminal ileum was not substantiated at exploration 
Allen and W elch-® state that they have had Miller- Abbott tubes descend to 
the lower small intestine and then found that the balloon did not deflate Their 
suggestion for handling this complication is to perfoim an early laparotomy 
and to punctuie the balloon thiough the intestinal wall with a needle 

Harris and Gordon^" in writing about their mercury filled balloon cite one 
experience whei e the balloon could not be withdrawn after it had passed beyond 
the ileocecal valve Persistent attempts to pull the bag through the valve 
lesulted in a tear of the bowel with foimation of a localized abscess They nou 
advise cutting the tube at the nai es if the bag passes beyond the ileocecal valve 
The entire tube then is eliminated spontaneously at the anus In their seven 
experiences of this sort the time taken for the tube to appear at the anus varied 
from 24 houis to 10 days Attempts to obviate this with the Harris tube have 
now been made by reducing the length so that only four feet of the tube can 
pass into the intestine They further stress that the position of the tube be 
determined by radiologic examination after it has passed the 3-foot mark 
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VIII BBEAKAGE OF MERCURY FILLED BAG 
Breakage of a meicuiy filled bag m the intestine has occuired to almost 
everyone who extensively uses the Hains oi Cantor tube No ill effects have 
been reported from this phenomenon 

SUMMARY 

1 An attempt has been made to review all of the reported complications of 
gastro-mtestinal intubation since the first one recorded in 1924 The total 
numbei is not great m proportion to the widespiead use of intubation 

2 The following headings ai e the complications discussed 

I Sinusitis and Otitis Media 
II Esophageal Strictuie 

III Laryngeal Obstruction 

IV Knotting of the Tube 

V Rupture of Esophageal Vaiix 

VI Ruptuied Viscus including esophagus, stomach, and small bowel 
VII Inability to withdraw Balloon Tipped Tube 
VIII Breakage of Meicuiy Filled Bag 

3 Four original case reports are presented of knotting of the tube, per- 
foration of a cancerous stomach, and rupture of esophageal varices 

4 Warning notes are sounded to avoid complications with gastrointestinal 
intubation as follows 

a) Remoie tube if the patient piesents a dyspnea, dysphagia, hoarseness, 
blood streak sputum, 01 croupv cough 

b) Position of the tip of the tube should be changed daily 

c) Nasal intubation should be avoided in patients with sinusitis and head 
colds 

d) The piesence of esophageal varices is a contraindication to gastiic 
intubation 

e) Remove the tube as soon as it has completed its mission 

f) Tubes with mercury bag should be followed by roentgen ray after the 
3-foot mark has been reached to prevent them from passing beyond the 
ileocecal valve In the event the bag passes the ileocecal valve, it must 
not be withdrawn, but rather peimitted to pass spontaneously by anus 
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INADVERTENT GASTRO-ILEOSTOMY* 

William H Moretz, M D 

Salt Lakl City, Utah 

FROM THE DEPARTMENT OF SURGERT UNIVERSlTT OF UTAH COLLEGE OF MEDICINE 

Fortunatei Y, the surgical error of anastomosing the stomach to the ileum 
instead of to the jejunum is uncommon Twenty-seven cases of gastro-ileo- 
stomy have been found lecoided in the literature The first was reported in 
1915 by Martin and Carroll Mercur- in 1917 reported another and men- 
tioned a case seen by Judd m 1912 A fourth was mentioned by Klem^ in 
1926 These last two cases were not reported in detail and are excluded 
Nine cases w^ere added by Rivers and Wilbur,^ three by Kogut and Stem,® 
eight by Smith and Rivers,® three b}'- Browm, Colvert and Brush,’' and one by 
Bailey and Castleton ® Tw^o otheis are excluded (Rivers and Wilbur) because 
they were actual^ gastrojejunostomies with jejuno-ileostomies, although the 
clinical syndromes produced were similar 

An interesting and constant feature about the repoited instances of gastro- 
ileostomy is that the original opeiation was performed by some surgeon other 
than the one reporting the case This might imply that many such cases are 
never repoited and that this condition is not as lare as a review of the 
literature would indicate 

Tw^enty-two of the 24 cases previously reported in sufficient detail to 
include in this study were patients on wdiom a gasti o-enterostomy was being 
done for peptic ulcei In only two reported instances has this condition been 
associated with a partial gastrectomy One of these was reported by Kogut 
and Stem® and the other bj'^ Smith and Rivers ® The case reported herewith 
is the third reported instance in which a partial gastric resection was done 
with an anastomosis between the stomach and the ileum Of the three cases 
with gastro-ileostomy following partial or subtotal gastric resection, two were 
done for duodenal ulcer and one for carcinoma of the antrum of the stomach 

A brief summary of the reported cases of gastro-ileostomy is presented 
in Table I 

It IS felt that the occurrence of a gastro-ileostomy following gastric 
resection is sufficiently rare to justify another repoit Of particular interest 
in this case is the associated malrotation of the midgut, which was a large 
factor m causing this surgical error None of the previous^ reported cases 
had such an associated condition to explain why the ileum was mistaken for 
the jejunum 


CASE REPORT 

Miss N P Hosp No 16-314, a 38-year-old white nurse, was admitted to Salt Lake 
General Hospital on December 7, 19^7, with complaints of diarrhea severe \\ eight loss 
and increasing weakness of 18 months’ duration 

* Submitted for publication, February, 1949 
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Table I — Summaty of Reposed 

Cases of Inadvertent Cast) o-Ilcostomy 

Reported by 

Age and 
Sex of 
Patient 

Duration of 
Gastro- 
ileostomy 

Original Before Recon 
Diagnosis structive 

and Operation Surgery 

Weight Loss 
Since 
Gastro- 
ileostomy 
in Pounds 

Reconstructive 

Procedure 

Result 

I Martin and Carroll 
1915 

26 F 

Gastric ulcer 
Gastro-ileostomy 

12 mos 

Yes, but 
amount not 
stated 

Reconstruction of 
normal pathway 

Good 

2 Mercur 

1917 

38 r 

PDuodenal ulcer 
Gastro-ileostomy 

3 yrs 

Yes, but 
amount not 
stated 

Reconstruction of 
normal pathway 

Good 

3 Rivers and Wilbur 
1932 

35 F 

Duodenal ulcer 
Gastro-ileostomy 

6 mos 

25 

Partial gastrectomy 
with reconstruction 

Good 

4 Rivers and Wilbur 
1932 

44 M 

Gastric ulcer 
Gastro-ileostomy 
with jejuno- 
ileostomy 

4 yrs 

18 

Reconstruction of 
normal pathway 

Good 

5 Rivers and Wilbur 
1932 

39 M 

Gastric ulcer 
Gastro-ileostomy 

20 mos 

45 

Reconstruction of 
normal pathway 

Good 

6 Rivers and Wilbur 
1932 

44 F 

?Duodenal ulcer 
Gastro ileostomy 

17 mos 

Not stated 

Reconstruction with 
gastro duodenostomy 
(plastic) 

Good 

7 Rivers and Wilbur 
1932 

31M 

Duodenal ulcer 
Gastro-ileostomy 

14 mos 

50 

Reconstruction of 
normal pathway 

Unknown 

8 Rivers and Wilbur 
1932 

43 F 

? Duodenal ulcer 
Gastro-ileostomy 

13 mos 

Not stated 

Reconstruction of 
normal pathway 

Good 

9 Rivers and Wilbur 
1932 

35 F 

?Duodenal ulcer 
Gastro-ileostomy 

25 yrs 

30 

Reconstruction of 
normal pathway 

Good 

10 Kogut and Stein 

27 M 

Duodenal ulcer 
Gastro ileostomy 

1 yr 

Not stated 

Reconstruction after 
excising ulcers of 
stomach and ileum 
at anastomosis 

Recurrent 

ulcer 

Post 

gastro en- 
terostomy 
done later 

1 1 Kogut and Stem 

26 M 

Duodenal ulcer 
Gastro-ileostomy 

2 yrs 

Yes, great 
but number 
of pounds 
not stated 

Partial gastrectomy 

Good 

12 Kogut and Stein 

63 M 

Ca of stomach 
Partial gas- 
trectomy 

No re- 
construc- 
tive 

surgery 

Not stated 

None 

Died sev- 
eral days 
postoper- 
atively 

13 Smith and Rivers 
1943 

35 F 

? Duodenal ulcer 
Gastro-ileostomy 

6 mos 

25 

Reconstruction 

Good 

14 Smith and Rivers 
1943 

S3 F 

Duodenal ulcer 
Gastro ileostomy 

9 mos 

36 

Reconstruction and 

P G J 

Good 

15 Smith and Riv ers 
1943 

37 M 

Duodenal ulcer 
Gastro-i]eostom> 

3 yrs 

6 pounds in 
preceding 4 
weeks 

Reconstruction and 
pyloroplasty 

Pam 

recurred 
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Table I 

— {Contimied) 




Reported by 

Age and 
Sex of 
Patient 

Duration of 

Gastro Weight Loss 
ileostomy Since 

Original Before Recon Gastro- 
Diagnosis structive ileostomy 

and Operation Surgery m Pounds 

Reconstructive 

Procedure 

Result 

16 

Smith and Rivers 
1943 

56 M 

Duodenal ulcer 
Gastro ileostomy 

8 yrs 

36 

Reconstruction and 
pyloroplasty with 
temporary feeding 
jejunostomy and 
cholecystectomy 

Good 

17 

Smith and Rivers 
1943 

61 M 

?Diiodenal ulcer 
Gastro ileostomy 

3 mos 

60 

Reconstruction with 
gastro jejunostomy 

Good 

18 

Smith and Rivers 
1943 

53 M 

Duodenal ulcer 
Gastro ileostomy 

23 yrs 

Yes (7 
pounds in 3 
months 
preceding) 

Reconstruction 

Good 

19 

Smith and Rivers 
1943 

34 M 

Duodenal ulcer 
Gastio ileostomy 

2 yrs 

5 

Partial gastrectomy 

Good 

20 

Smith and Rivers 
1943 

58 M 

Duodenal ulcer 
Partial gas 
trectomy w ith 
gastro ileostomy 

6 mos 

60 

Reconstruction 

Good 

21 

Brown Colvert 
and Brush 1947 

62 F 

Duodenal ulcer 
Gastro ileostomy 

4 yrs 

28 

Reconstruction 

Good 

22 

Brown Colvert 
and Brush 1947 

39 M 

Duodenal ulcer 
Gastro ileostomy 

2 yrs 

20 

Partial gastrectomy 

Good 

23 

Brown Colvert 
and Brush 1947 

64 M 

Duodenal ulcer 
Gastro ileostomy 

7 yrs 

44 

Not stated 

Good 

24 

Bailey and 
Castleton 
(in press) 

72 M 

Duodenal ulcer 
Gdstro-ileostomy 

2 yr'- 

30 

Reconstruction of 
normal pathway 

Good 

25 

Moretz 

38 F 

Duodenal ulcer 
Subtotal gas- 
trectomy with 
gastro ileostomy 

18 mos 

101 

Reconstruction after 
block resection of 
anastomosis 

Good 


Ten years prior to her admission, she had first noted occasional severe epigastric 
pain This was not related to meals but was relieved by milk or cream and antacids 
These pains became more frequent and more severe and later were relieved by eating 
Seven years before her admission, she had had an episode of fairly massive hemor- 
rhage after an attack of severe epigastric pain associated with the passage of lo tarry 
stools and weakness Shortly thereafter an exploratory laparotomy was carried out by a 
competent surgeon An anomaly was noted in the duodenal region The duodenum 
extended straight downward into the jejunum without going behind the superior mesen- 
teric vessels or becoming retroperitoneal The lower part of the second and third portions 
of the duodenum had a well-developed mesentery from two to three inches long A duo- 
denal ulcer was demonstrated and “the ulcer-bearing area was inverted ” 

Following this operation she continued on a strict medical regimen with exacerbation 
of her symptoms when the diet was relaxed or when there was added emotional strain 
She had occasional bouts of increased pain associated wnth tarry stools in 1945 and 194^ 
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While she \yzs attending college she noted increased pain and tarry stools with each 
examination week 

In July, 1946, a subtotal gastrectomy was carried out by the same surgeon He noted 
the presence of many dense adhesions throughout the abdomen and it was only after much 
difficult dissection that he was able to liberate the stomach and pylorus sufficiently to allow 
resection of approximately two-thirds of the stomach There were so many adhesions 
present that it was not possible to trace the small bowel back to the duodenum or the 
ileocecal valve for positive identification A loop of small intestine lying in the left upper 
quadrant was used m constructing the gastro-enterostomy 

The postoperative course was satisfactory except that on her third postoperative day 
a severe diarrhea developed which never entirely ceased The number of defecations per 
day varied from two to twenty The stools were frequently bulky vnth very foul odoi and 
occasionally frothy Undigested food particles were occasionally seen in the stool 45 min- 
utes after being ingested She progressively lost weight and strength in spite of added vita- 
mins and liver injections No abdominal pain similar to that experienced prior to surgery 
occurred There were occasional "gas pains” and frequent crampy pains for a few min- 
utes after the passage of feces During the six months prior to her admission here, she 
was bedridden Her weight had decreased from 19 1 pounds prior to gastrectomy to 
100 pounds on her present admission to the Salt Lake General Hospital Food intake had 
continued to be adequate for a normal person There was occasional vomiting or eruc- 
tation of fecal character 

Her past history was irrelevant except for (i) an appendectomy in 1920, complicated 
by disruption of the nght-rectus incision (the wound was lesutured and the patient was 
discharged after one month of hospitalization), and (2) small-bowel obstruction in 1936 
requiring laparotomy with release of adhesions (no further significant difficulty with 
obstructive symptoms occurred) 

Examination revealed a markedly emaciated, tall, intelligent rvoman who lay quietly 
in bed She rolled her head from one side to the other on request but was barely able 
to lift her head from the pillow She could hardly lift her knees from the bed and \vas 
unable to lift either entire lower extremity Her temperature was 98 6 F , pulse 76, 
respiration 20, blood pressure 85/65, height 5 feet 9)^ inches, weight 100 pounds 

Except for the extreme emaciation, abnormal physical findings were scarce Her skin 
was loose and pale Her tongue was bright red, with enlarged papillae There were 
three well-healed abdominal incisions one m the lower midhne, one in right rectus and 
one in left upper rectus No solid organs or masses weie palpable within the abdomen 
Very slight tenderness was present in the left lower quadrant 

Slight edema was present in the left lower extiemity diiefly at the ankle and upper 
thigh Her marked generalized muscular weakness was compatible with her extreme 
emaciation 

Laboratoiy Findings 

Blood Red blood cells 4 17 million, hemoglobin 12 5 gm , hematocrit 38, icterus 
index 5, uncorrected sedimentation rate 20, MCV 91, MCH 30, w'hite 
blood cells 5,050 with differential of 48/P, 40/L, s/E, 5/M, 2/ju\emles, 
blood chemistry BUN 95, sugar 83, carbon dioxide 58, PI Cl 600, total 
protein 4 o (albumin 2 0, globulin 2 o) , calcium 9 2 , phosphorus 4 8 , alkaline 
phosphorus 3 2 B U , uric acid 4 6 

Stool Guaiac negative Soft yellow w'lth undigested food but without abnormal 
particles of fat, no parasites, 176 per cent of feces w-ere solids, 112 per 
cent of feces w'cre total hpids, 254 per cent of feces were fatty acids, 
636 per cent of solids were total hpids, 144 per cent of solids w'ere fatty 
acids, 227 per cent of total hpids were fatty acids 

Urine Pale ^cllow— specific gra\itv 1010, Ph 6, sugar o, albumin 0 Micro- 
scopic normal 
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Gastiic analysis levealed no free acid in the fasting specimen or after histamine 
There weie seven units of total acid in the fasting specimen and 20 units 
30 minutes after histamine 

Inttavenous Glucose Tolciance Test (05 mg /Kg as 20 per cent solution 
intravenously over 30") 


FBS 57 

30" 181 

60" 109 

90" too 

150" 60 

Ojal Glucose Toloance Test 100 Gm — orally 

FBS 70 

30" 60 

60" 75 

90" 120 

ISO" 80 

210" 74 


Course w Hospital The patient was admitted to the Medical Service, where the 
diagnostic work-up was earned out and extensive supportive treatment given A barium 
enema revealed the cecum and the ascending colon to he on the left side of the abdomen 
just to the right of the descending colon (Fig i) No connection between the stomach 
and the colon was visible The first gastro-mtestinal series demonstrated a patent 
gastro-enterostomy, the pattern of the small bowel suggesting ileum rather than jejunum 
There was a rapid filling of the colon, which suggested the possibility of a gastrojejuno- 
colic fistula Re-examination, however, revealed that the anastomosis was between the 
stomach and the distal third of the ileum, Avithout a connection with the large bowel 
The terminal ileum was dilated moderately and exhibited both peristaltic and antiperi- 
staltic waves (Fig 2) Within two hours after the ingestion of barium, it was observed 
in the cecum 

A high-calonc, high-protem diet was tried, but no gam in weight or strength 
resulted The patient was tried on a 4,500-calory diet containing 200 grams of protein, 
no grams fat, and 678 grams of carbohydrate This she could not tolerate and an 
exacerbation of the diarrhea occurred She continued to lose weight until she weighed 
only 90 pounds Multiple blood transfusions and intravenous plasma and protein hydroly- 
sates were given with some improvement in blood protein (total protein 4 5 with albumin 
2 1 and globulin 2 4) and body weight (97 pounds) 

It was felt that the patient would require jejunostomy feeding before she could be 
built up enough to stand a major operation Therefore, under local anesthesia, on 
December 27, 1947, a Witzel type of jejunostomy wms performed There was relative 
f’-eedom from adhesions and it became obvious at this time that there was a developmental 
anomaly of the gastro-intestinal tract with faulty rotation of the midgut After some 
exploring, the duodenum was traced distally and a jejunostomy was performed at a point 
approximately 15 inches from the duodenojejunal junction The abdominal opening was 
made in the left middle quadrant in an effort to have it out of the way of the gastric 
surgery to be performed subsequently 

The patient stood this procedure well and was started the same day on a special 
formulat of predigested food, 30 cc per hour This formula consists of ammo acids, 
dextromaltose, cream, salt mixture, vitamins and water in such a proportion that I cc 
contains about i calory These feedings were tolerated quite well and were increased 

t The formula used was essentially the same as described by Hollander, Rosenak 
and Colp ° 
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Fig 1 


Fig 2A 



Fig 2B Fig 3 


Fig I — This barium enema revealed practically the entire large bowel 
to be situated in the left half of the abdominal cavity There was no reflux 
of barium into the stomach, indicating that a gastrocolic fistula probably 
did not exist 

Fig 2 — A gastro-intestinal series demonstrated the flow of barium into 
the colon within two hours The small-bowel pattern suggests ileum The 
limb of ileum labeled “A” represents the proximal limb, which is considerablj 
dilated and in which both peristaltic and re^crse peristaltic waves were seen 
on fluoroscopy The distal limb “B” is also moderately dilated 

Fig 3 — This drawing illustrates the congenital malrotation of the mid- 
gut and the gastro-ileostomy as found at oreration Note that the duodenum 
does not cross over the abdomen beneath the superior mesenteric vessels but 
continues downward in the right side into the jejunum, most of the jejunum 
being located in the right lower quadrant Most of the large bowel is located 
in the left half of the abdomen The gastro-ileostomj had been constructed 
at a point about 14 inches from the ileocecal \alve Both the afferent and tile 
efferent limbs of ileum are considerablv dilated 
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i>oon to 150 cc per hour The patient complained of frequent abdominal cramps and had 
occasional nausea and vomiting but not enough to necessitate discontinuance Occasional 
exacerbation of the diarrhea also occurred In general, she progressed quite satisfactorily 
and on January 20, 1948, her total proteins were 69 Gm with 5 5 Gm alubumin and 
I 4 Gm globulin She had gained in weight to 104 pounds Her improvement continued, 
and before further surgery was carried out, her weight was in pounds, total protein 
6 6 and A G ratio of 2 i 

She was up in a chair four days after the jej unostomy but she could not walk because 
of muscular weakness She walked unassisted about three weeks after the jejunostomy, 
for the first time in seven months 

On February 12, 1948, under cyclopropane anesthesia, exploration was carried out 
The anomaly of rotation was confirmed The gastro-ileostomy was resected, removing 
the distal inch of remaining stomach and the attached ileum An end-to-end aseptic 
anastomosis was made between the two ends of ileum using a single row of Halsted 
sutures of No 60 cotton A gastrojejunostomy was then formed, anastomosing the 
jejunum at a point about eight inches proximal to the feeding jejunostomy to the distal 
end of the remaining stomach 

Gross and microscopic examination of the resected specimen showed evidence of 
mild chronic inflammation of the stomach and the ileum in the region of the anastomosis 
There was no area of erosion or ulceration 

Her postoperative course was uneventful Jejunostomy feedings were continued for 
12 days after the operation and then discontinued since her oral intake had become 
adequate On February 29, 1948, she was discharged from the hospital weighing 117 
pounds, having normal bowel movements and feeling very well 

She was seen about two months after her discharge, on April 21, 1948, at which 
time her serum proteins were normal and her weight had increased to 141 pounds There 
was still slight ankle edema, thought to be related to old thrombophlebitis of deep thigh 
and pelvic veins There had been occasional loose bowel movements on some mornings 
The drainage from the old jejunostomy had practically ceased When last seen, 10 
months after operation, she was completely asymptomatic and the jejunostomy had closed 

DIAGNOSIS 

Diagnosis should not be too difficult in most cases The signs and symp- 
toms in this case are typical There was onset of diarrhea three days after the 
construction of the gastro-ileostomy, which might well have aroused suspicion 
of the error that had been made The persistence of this diarrhea with marked 
loss of weight and strength would support such a suspicion The absence of 
abdominal pain othei than some crampy pain after defecating is somewhat 
unusual Vomiting was not a prominent featuie although it was occasionally 
present 

Brown and others summarized the signs and symptoms of the cases 
reported prior to 1947 and found that 17 of 24 complained of abdominal pain, 
14 of 24 had diarrhea and 13 of 24 had some vomiting Of 20 patients with 
statements regarding weight loss, 19 had lost weight Fecal vomiting and 
hemorrhage had occurred in a few patients and six had developed ulcers m 
the ileum at the site of anastomosis The signs and symptoms have also been 
discussed by Bailey and Castleton,® who summarized m table form all prC' 
viousl}' reported cases 

The rapid filling of the colon after swallowing barium was practically 
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diagnostic in this case The lack of leflux into the stomach of barium given 
as a barium enema was evidence against a gastrocolic fistula 

Bro^^n and others pointed out that serial barium-meal films of the gastro- 
intestinal tract fiequently show some refilling of the stomach after it had 
emptied This was demonstiated fiom thiee and one-half to five and one-half 
houis after the baiium meal by the leappearance of barium m the stomach 
from the ileum This finding depends upon the flow of baiiuni through the 
pylorus into the small bowel and on through the small bowel until it re-enters 
the stomach through the gastro-ileostomy Theiefore, it could apply only to 
those cases m which there had been a gastro-ileostomy perfoimed without 
gastiic resection It also could not apply to those cases m which the pyloric 
obstruction is complete 

Baigen and Rankm^^^ in 1930 cited 12 patients who had developed severe 
postoperative diarrhea due to ulcerative colitis These symptoms began fiom 
3 to 15 days after abdominal surgery, chiefly on the stomach or biliary system 
This condition can usually be differentiated from a gastro-ileostomy by 
barium enema 

Gastro-ileostomy alone is less serious than when accompanied by a gastric 
resection With gastrectomy, the duodenum, the jejunum and the proximal 
ileum are completely by-passed and the only appreciable food absorption is 
from the stomach and the terminal ileum Without gastric resection, a part, 
depending on the degree of pyloric obstruction and the patency of the gastro- 
ileostomy stoma, of the food goes through the entire small bowel Therefore, 
relatively few symptoms result from gastro-ileostomy when the major part 
of the food goes through the pylorus, as in several reported cases of many 
years’ duration (one case of 23 years’ duration reported by Smith and Rivers) 
Other cases with practically complete pyloric obstruction have the same rapid 
downhill course as those patients with gastric resection, such as one case 
repoited by Smith and Rivers of three months’ duration and a weight loss 
of 60 pounds 

The development of ileitis or ulceiation of the ileum has been discussed by 
Rivers and Wilbur^ and by Kogut and Stein This case had no ulceration and 
showed only mild chronic inflammation of the stomach and the ileum near 
the anastomosis 

PREVENTION 

Most cases of gastio-ileostomy are probably associated with inexperienced 
surgeons A few such errois may have resulted from the suigeon’s failure to 
realize the importance of using the jejunum instead of the ileum for a gastro- 
entei ostomy Most, ho^^ever, are probably the result of difficulty in differen- 
tiating between a loop of jejunum and a loop of ileum The appearance of a 
single loop of small intestine may not be sufficiently characteristic of either 
jejunum 01 ileum to permit positive identification Much more ceitain is the 
practice of identifying a loop of small bouel not by its appearance alone but 
by Its relationship to known landmarks The most useful landmark in choosing 
a loop of jejunum for gastro-enterostoiny is the ligament of Treitz 
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In the absence of the ligament of Treitz, as m the case reported here, an 
anomaly of rotation should be suspected and a loop should be selected by 
tracing the duodenum distally or by tracing the small bowel proximally from 
the cecum The presence of many adhesions complicates the problem 

Although a loop of bowel picked up in the left upper quadrant beneath 
the transverse mesocolon will usually be jejunum, it must be identified with 
certainty before it is used in a gasti o-entei ostomy 

Dott^’^ has beautifull}^ described the embryologic changes in the intestinal 
tract and has pointed out many of the more frequent errors in rotation 
McIntosh and Donovan^^ have discussed the clinical significance of faulty 
rotation and have given case histones illustrating these features 

The faulty development in this case is illustrated in Figure 3 This anomaly 
represents a derangement of the second stage of rotation, consisting of nonro- 
tation of the midgut loop This form of derangement is not uncommon and 
has been described by Dott Incomplete rotation of the midgut prevented 
the duodenum from becoming posterior to the superior mesenteric vessels, 
instead the duodenum coursed downward in the right side of the abdomen to 
the duodeno-jejunal junction and most of the jejunum remained in the right 
lower quadrant Most of the small bowel on the left side of the abdomen was 
ileum ending in the ileocecal valve situated low in the midhne The cecum and 
ascending colon had not rotated in fiont of the supeiior mesenteric vessels but 
had come to rest chiefly to the left of the midhne 

McIntosh and Donovan^^ reported one case with an anomaly practically 
identical with that present m this patient Dott explained this anomaly as a 
result of the umbilical orifice being so large that it exerts no restraining influ- 
ence on the return of the cecum through this orifice This enlarged umbilical 
orifice allows the cecum to return to the abdominal cavity along with or before 
part of the small bowel, thus eliminating the factor which normally causes a 
rotation of the midgut 

In this case the malrotation caused the loops of ileum to be located m the 
left upper quadrant and the extensive adhesions prevented thorough explor- 
ation, thus accounting for the suigical error 

PREOPERATIVE TREATMENT 

Many of these patients have lost much weight Brown and others'^ stated 
that of the 20 cases reported in which there was a statement regarding weight 
loss, 19 had lost weight Many are in poor nutritional state and a few are in a 
critical condition Increased food intake with high protein and carbohydrate 
content is routinely given to these patients Enriched formula feedings have 
been used and massive vitamin intake has been assured However, food taken 
by mouth is very poorly assimilated and these measures seldom materially 
improve the patient’s condition when the proximal bowel is excluded, as m 
gastro-ileostomies with partial gastrectomy A good guide to the progress 
Being made is afforded by following the patient’s weight and serum proteins 
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In senousl} ill and maikedly emaciated patients, intravenous feedings are 
necessary Infusions of whole blood, plasma and ammo acids may be of 
marked benefit In this patient all these measures were tried but no material 
improvement could be obtained Such a case provides an ideal indication for a 
feeding jejunostomy Figure 4 illustrates the relationship of the jejunum, the 
ileiun and the stomach after jejunostomy m this patient A synthetic aliment 
similar to that desciibed by Hollander, Rosenak and Colp*^ was used, beginning 
a few houis after jejunostomy, with marked success The patient’s weight 
and serum protein increased rapidly with reversal to normal of the A/G 



Fig 4 — A Witzel jejunostomy was performed at a point about 15 inches from the 
duodenojejunal junction The abdominal opening was made well on the left side of the 
abdomen so that it would not interfere with the contemplated reconstructive surgery 
Fig S — In the upper figure the broken lines indicate the limits of resection After 
excising this area, an end-to-end anastomosis was made between the two ends of ileum 
A gastrojejunostomy was completed to the jejunum at a point about 8 inches proximal 
to the jejunostomy, the lower figure shows the relationship between the gastrojejuno- 
stomy, the jejunostomy and the ileum when completed 


ratio Within three weeks she was able to walk unassisted for the first time 
in seven months It is very dubious that this patient could have survived the 
major operation of reconstructing a gastrojejunostomy without first having 
the benefit of a feeding jejunostoiu} 

In none of the previously reported patients has a feeding jejunostomy been 
done as a preliminary to the major reconstruction In one case reported by 
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Smith and Rivers a temporary jej unostomy was done at the time of the recon- 
struction Most of the previous reports stressed the importance of preoper- 
ative treatment, but veiy seldom was any estimate given as to how successful 
the preoperative measures had been There were no observations on weight 
gam prior to operation and few observations on change m serum protein prior 
to operation 

A wise procedure would be to employ a feeding jej unostomy in those 
patients who are in poor nutiitional status and who do not respond satisfac- 
torily to forced feedings intravenously or by mouth 

OPERATIVE TREATMENT AND RESULTS 

The desired treatment depends upon the existing circumstances If a sub- 
total gastrectomy has already been done, the problem is different from that 
when only a gastro-ileostomy has been earned out 

Gastro-ileostomies without gastrectomy will be considered first Twenty- 
two of the reported cases are in this category and all these patients weie 
suffering from peptic ulcer, the gastro-ileostomy being done to help this con- 
dition The following chart summarizes the treatment carried out m this group 


Opoatwe Treatment m 22 Cases of Gasiro-lleosfoiny for Pcpftc Ulcer 
{WUhout Coincident Gasfi eefonty) 


Results 


Number Good Poor Unknown 
of Cases 


1 
2 

3 

4 

5 

6 

* Ulcer recurred — satisfactorily treated by posterior gastro enterostomy later 
Ulcer pain recurred 


Reconstruction of normal continuity 13 II 

Partial gastrectomy with gastrojejunostomy 4 4 

Reconstruction with pyloroplasty 2 1 

Reconstruction with pyloroplasty and temporary 

feeding jejunostomy 1 1 

Reconstruction with posterior gastrojejunostomy 1 1 

Not stated 1 1 


1 * 


No deaths occurred in this group Recurrence of duodenal ulcer occurred 
in two cases, one after simple reconstruction, the other after reconstruction 
with pyloroplasty 

There are really two main problems in the surgical treatment of gastro- 
ileostomy First, the gastro-ileostomy must be corrected , second, the patient 
may still have the original difficulty to be treated, namely, the duodenal ulcer 
Ideally, the preferred surgical treatment would care for both these prob- 
lems at one time Depending upon one’s views on the value of vagotomy, one 
may choose to take down the gastro-ileostomy, close the openings m the 
stomach and ileum and to perform a vagotomy with a pyloroplasty or gastro- 
jejunostomy^ if pyloric obstruction exists Instead, one may prefer to carry 
out a subtotal gastric lesection with gastrojejunostomy, after taking down the 
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gastro-ileostomy Either of these two procedures can be carried out if the 
patient is a good surgical risk If not a good iisk, it still may be possible in 
some to take down the gastro-ileostom}^ and resect the vagus nen^es Usually 
some effort to treat the ulcer should be made at the same time the gastro- 
ileostomy IS coi 1 ected Othei wise there is a good possibility that the duodenal 
ulcer will give further difficulty If theie is maiked pyloric obstruction, some 
means of exit for the gastric contents must be provided It is to be noted that 
four cases had a subtotal gastric resection carried out with good results m 
each case 

The operative treatment for those cases of gastro-ileostomy m which a 
partial gastrectomy already has been done requires only the coirection of the 
gastro-ileostomy, since the ulcer probablj'- requires no further treatment Of 
the three cases with gastiic resection complicated by gastro-ileostomy, two 
were for ulcer and one was for carcinoma of the stomach The patient with 
carcinoma died 36 hours after the original operation, the gastro-ileostomy 
being found at autopsy The other two cases were treated by taking down 
the gastro-ileostomy and constiucting a gastrojejunostomy The follow-up of 
these two cases revealed no further difficulties 

One satisfactory procedure is to resect the area of anastomosis including 
the distal inch or so of the stomach and the ileum involved in the anastomosis 
between clamps An end-to-end anastomosis is then carried out between the 
two ends of the ileum and a Polya gastrojejunostomy is performed This 
block type of resection was done in this case and it is felt that this offers some 
advantages over disconnecting the anastomoses, closing the ileal stoma and 
using the original gastric stoma in the gastrojejunostomy The block resection 
can be done more quickly and possibly with less soiling More confidence is 
placed in an anastomosis between freshly cut edges than between old and 
fibrotic edges It is believed that there is less danger of complications such as 
leakage at the anastomosis or obstruction This procedure is illustrated in 
Figure 5 

One cannot assume because of the uniformly good lesults in the reported 
cases that the reconstruction of a gastro-ileostomy is not a serious under- 
taking Many patients are probably reoperated upon by the same surgeon 
who made the original error and these are not reported It is also probable 
that many patients unsuccessfully operated upon for this condition are not 
reported If the unreported cases were reviewed, it is extremely likely that 
the statistical results would be considerably different 

SUMMARY 

A case is presented of a gastro-ileostomy following subtotal gastric resec- 
tion for duodenal ulcer In the treatment of this patient, a feeding jej unos- 
tomy was first established w^hich greatly improved the general condition of 
the patient Se\eral Aveeks later theie was a successful resection of the 
gastro-ileostoni} and reconstruction of a gastrojejunostomy wnth end-to-end 
anastomosis between the two ends of ileum 
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There was an associated anomaly of rotation of the midgut which predis- 
posed the patient to this suigical erroi Absolute identification of the anatomy 
before performing a gastro-enterostomy is necessary 

Vigorous preoperative treatment is essential to restore these patients to 
good condition A preliminary jejunostomy for feeding is of value in the 
severely emaciated patient who fails to respond to other measures 

A block resection of the gasti o-ileostomy is advocated for those patients 
who have had subtotal or partial gastric resection For those who have not 
had a gastric resection, satisfactory results may be obtained b}' taking down 
the gastro-ileostomy and combining this with a subtotal gastrectomy or a 
vagotomy 

Twenty-foui instances of gastro-ileostomy have been reported previously 
m sufficient detail for study Twenty-two of these were of gastro-ileostomy 
done without gastric resection Only two, plus a third reported here, were 
gastro-ileostomies following a partial gastric resection 

It IS probable that the reported instances of this type of surgical error 
represent only a small peicentage of the actual numbei of such enors The 
uniformly good results m the reported cases probably are not indicative of 
the results in the group not reported 
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Editorial . . . 

The Inquiring Mind 

All surgeons aware of their responsibility to their profession and to 
society must inevitably be concerned with the training of those who will 
succeed them There are often two components of training One is the 
impaitmg of technical skills or knowledge The second consists of imparting 
a point of view, or philosophy, to the trainee In the trades, the union or 
the employer may he equally desiious of imparting to the trainee a particular 
philosophy, yet it is obvious that a man can be skilled at a trade no matter 
what his philosophy In other fields, the point of view is an integral part of 
the tiaming, just as important as the technical skill Thus the training of a 
soldier involves not only the imparting of technical skill but of imbuing the 
individual with an unwavering lo3^alty towards his countiy Without this 
second component the technical skills are useless, or may even be harmful 
to the accomplishment of the desiied goal a well-trained and loyal soldier 
The training of a surgeon requiies the imparting of both technical knowledge 
and a philosophy The latter is the more important of the two 

A knowledge of the desired objective is implicit in any training program 
That part of a surgeon’s life in which he fulfills the objectives of his training 
rarely lasts more than 30 years Part of the training objective might be con- 
sidered as teaching the technical skills which will be required by the surgeon 
during these 30 active years, but it is impossible to predict the surgical 
procedures which he will be called upon to perform His technical training, 
therefore, must be largely concerned with basic skills and knowledge, rather 
than with particular technics which may well become obsolete For 
example, mastoidectomies, and thoracotomies for empyema following pneu- 
monia, are rarely performed now, owing to the discoverj?^ of chemical and 
organic materials which are effective m the control of infections The surgeon 
of tomorrow may be operating in different fields The emphasis may pass 
from the surgical treatment of infections to that of the correction of con- 
genital abnormalities The field of vascular surgery is rapidty enlarging its 
scope The surgeon may soon be operating under diiect vision within the 
heart itself Future developments of medical science may eliminate much of 
the surgical treatment of conditions resulting fiom degenerative processes 
At present the radical local extirpation of cancer by surgical means consti- 
tutes the best weapon against this condition Enormous resources are now 
being made available for investigation of the cause and cure of cancer When 
such leseaich reaches fruition surgical treatment of the disease may become 
obsolete 

It is apparent, therefore that the model n training of a surgeon must 
include the acquisition of a broad background in fundamental fields of 
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medical knowledge Physiology, biochemistry, anesthesia and probably radia- 
tion and nuclear physics, all will provide a backgiound which will help the 
surgeon of tomorrow to cope with the inevitable advances m medical science 
m the coming years The examining boards m the surgical specialties should 
recognize the importance of these fields of knowledge instead of laying major 
emphasis on the prechmcal fields of anatomy and patholog}’^ Certainly it is 
just as important for the surgeon to be thoroughly acquainted with the impor- 
tant subjects of nutrition, fluid and electrolyte balance and the dynamics of 
cardiorespiratory physiology, as it is for him to know the anatomy of the 
region in which he is operating and the pathologic conditions which he may 
encounter A knowledge of anatomy and pathology is just as essential as it 
was 50 years ago, but to halt there in the training of the modern surgeon is 
to overlook the advances of the past generation 

Of far greater importance than teaching either a fundamental background 
or a technical skill is the indoctrination of the surgical aspirant with a philo- 
sophy This philosophy is that of the inquiring mind The ability to pose 
pertinent questions involves intelligence and implies the ability to draw logical 
conclusions from the answers It is diametrically opposite to the type of mind 
which unquestioningly accepts the written or spoken word of considered 
authorities This unquestioning attitude has no place m the field of science 
It was responsible for the long stagnation in scientific thought through the 
dark ages, which m the field of anatomy perpetuated the errors of the Galenic 
school for centuries, until Vesahus questioned these dogmas and threw new 
light upon anatomy and related subjects by direct observation 

None will ventuie to disagree that the inquiring mind is essential to scien- 
tific progress That it is also a valuable and essential attribute of the modern 
practicing surgeon is less generally realized The practice of medicine is not 
the simple acquisition of a set of rules which when applied to the problem 
posed by the particular patient will always result in the correct diagnosis or 
correct therapy The patient with an ulcer of his duodenum or stomach does 
not always present the classical symptoms of epigastric pain between meals, 
relieved by the taking of food or alkali The practicing physician or surgeon 
who relies upon a text-book set of rules to make a diagnosis of appendicitis 
will find himself frequently in error Questioning is an integral part of the 
elucidation of symptoms The correct diagnosis of disease depends upon a 
careful evaluation of all the available evidence The same exercise of judg- 
ment IS required in therapy as in diagnosis Dependence upon simple rules of 
thumb never characterized the competent physician or surgeon 

The inquiring mind is typical of youth It is exemplified by what are 
sometimes regarded as the "tiresome” questions of small children It charac- 
terizes the attitude of intelligent students through school, college and post- 
graduate studies Too often, through incompetent pedagogy, this attitude of 
mind is gradually stifled, with the result that a graduating student leaves the 
halls of learning with a set of ideas and concepts which gradually harden into 
an unyielding structure 
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It may be doubted that it is possible to cultivate the inquiring mind in one 
field of knowledge without disturbing the fixed ideas and conceptions which 
have ahead} been foimed in other fields Yet all of us have known out- 
standing leadeis in the suigical profession who eagerly embrace new develop- 
ments 111 surgeiy, but vho may be completely lacking in this attitude of mind 
when it comes to politics, literature, art, etc The inquiring mind is one which 
is actively engaged m the search for truth and knowledge It is impossible 
for one individual to master all Icnowledge and it is easier to accept authority 
m othei fields than to question it 

It IS possible for the student to acquire this attitude of mind at an early 
stage 111 his piofessional training and to retain it throughout his active career, 
because with good pedagog}^ the questioning attitude will become an integral 
part of the learning piocess A propeily trained student will not accept 
unwarranted conclusions which may appear in published medical articles, but 
wall study the text and draw his own conclusions The poorly trained student 
of medicine, on the other hand, is likely to accept conclusions of this character 
because of the authoiity of the wiitten word It is obvious which of these 
men wall be the better practitioner 

Wh} IS this invaluable component of training occasionally neglected^ 
First, the teacher of surgery may be unaware of the importance of this aspect 
of training , and secondly, he may discourage questions because of the uncon- 
scious fear that if he does not know the answer he will “lose face” in the 
eyes of his students The importance of inculcating this attitude of mind in 
young surgeons will become apparent if the matter is given thoughtful con- 
sideration The unconscious fear of betraying ignorance can be overcome if 
boldly stated and honestly faced 

A great deal has been written in the past generation about the training of 
surgeons Much of it is concerned with where he is to be trained, and how 
long, and the qualifications of his instructors Much attention has been paid 
to evaluating his training by examination Too little thought has been devoted 
to the objectives of training Let us be sure of our surgical goals Because 
of our concern with the formal indoctrination of skills, we should not neglect 
an essential philosophy The best surgeons of tomorrow , as of yesterday, wall 
ahvays be those with inquiring minds 

John H Gibbon, Jr 
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LETTER TO THE EDITOR 

Dear Sir 

After reviewing this most interesting paper of Dr Clarence C Eckert, 
I should like to call attention to the fact that, in my opinion, it is most difficult 
indeed, in our present state of ignorance regarding carcinoma, to place certain 
cases of carcinoma of the breast in the category of “inoperable” , and I must 
confess that I am not in agreement with Haagensen and Stout’s classification, 
on which Doctor Eckert’s paper is based 

In 1929, m collaboration with Dr Dean Lewis, I published a follow-up 
study of almost 1,000 cases of carcinoma of the breast which had been operated 
upon by Doctor Halsted and Doctoi Finney, Sr , together with all of their 
residents from 1889 to 1929, inclusive This follow-up revealed many points of 
interest The operation performed by the various operators — all Halsted- 
trained men — w^as a typical Halsted radical mastectomy, so that the operative 
procedure was constant Pathologic diagnoses also were made by Dr W H 
Welch and his staff in the Department of Pathology, of the Johns Hopkins 
Hospital, so that there was no variation m the interpretation of the specimens 
and micioscopic sections 

With this background, it was soon discovered in the follow-up that 
dogmatic statements in regard to prognosis following radical mastectomy for 
caicinoma of the breast should not be made, and certainly the so-called classi- 
fication of inoperability by Haagensen and Stout did not hold for this series of 
almost 1,000 cases The statement by the latter authors to the effect that when 
carcinoma of the hi east develops during piegnanc}' or lactation it is always 
inoperable, is literally untrue There were patients operated upon not only in 
the Johns Hopkins Hospital but at other hospitals in Baltimore, for carcinoma 
of the breast during pregnanc3 who lived for a peiiod of years or aie still 
living One patient with whom I was personally connected has lived about ten 
years This patient had a very malignant medullarjr type of carcinoma of the 
bieast with metastasis to the axillary glands that developed midway in preg- 
nancy After a radical mastectomy had been perf 01 med, the ovaries and uterus 
containing the fetus wmre removed and this patient is alive and well today 
There are others in this senes who survived for some years and ivho were lost 
track of, but they may well be alive 

The second point, namely, that edema of the skin 01 nodular implantation 
of the growth near by the original tumor is a sign of inoperability is likewise 
inaccurate There were a number of patients m this series at the Johns Hopkins 
Hospital in whom edema of the skin had occurred, and also subcutaneous 
implantation of the tumor, who were operated upon successfully and had sur- 
vived for a number of years at the time of the follow-up study One patient m 
particular, operated upon by Dr William Sowers while he was resident surgeon 
at the Johns Hopkins Hospital in I 905 > u woman, was still alive 35 years after, 
at the age of 80 plus This patient survived a radical mastectomy for an ulcef- 
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ated caicinoma of the bieast that had not only ulceiated through the skin over 
the entne dome of the breast, resulting in a foul-sinelling iiound with implan- 
tations 111 the skin stiiiounding the ulceiation, but also had metastasis to the 
axillary and supiaclaviculai lymph nodes Doctor Sowers performed a very 
radical operation upon her, lemovmg the breast and the underlying structures 
to the chest uall, dissecting the axillaiy nodes and at the same time going 
above the clai icle as was done in those days, and removing the lower cervical 
chain of lymph nodes, i\hich weie invaded The operation consumed more 
than five hours, but the patient \\as cuied and, as I stated above, was alive 25 
} ears later at the age of 80 plus 

It IS, of course, to be admitted that this was one case m practically one 
thousand, but when one is dealing ^Mth a human being and with a relatively 
unknown condition such as carcinoma, it seems to me that no stone should be 
left unturned to save the patient’s life I think few will deny that, had not 
Doctoi Sowers performed such a ladical and meticulous operation, the patient 
vould not have survived as long as she did 

In any series of breast tumors there are patients with ulceration of the skin 
V ho have lived a number of years following radical mastectomy and have been 
much better oft" follo\\ mg such an operation than they would have been had the 
ulceration been treated palliatively, with the consequent infection and foul 
discharge, to say nothing of the bleeding which often occurs in those patients 
on whom an operation has not been performed 

I think anyone adhering to Haagensen and Stout’s classification would be 
led astray and that a number of patients who should have radical mastectomies 
would probably be denied their one chance to be cured 

The five-year cures that have often been discussed is essentially mis- 
leading The word survival should be substituted for cure In the series studied 
by us at the Johns Hopkins Hospital theie were recurrences in every decade, 
to 33 years postoperatively in two cases 

It would seem to me that the aim of the surgeon in treating caicinoma 
of the breast should be not only to attempt to cure the patients of the disease 
process but also to prolong their lives and make them physically and mentally 
as comfortable as possible If it were possible completely and minutely to 
examine the entire bodies of persons apparently cured of carcinoma, it might 
well be demonstrated that we in some manner retarded the spread of the disease 
by removing the original tumor and that people may die with, if not of, the 
residual depositions of malignant growths The report of Peugniez, who did 
a partial gastrectomy for carcinoma of the stomach at the Hotel Dieu in Pans, 
and who, 25 years later, when the patient returned to the hospital and died of 
lobar pneumonia, found at autopsy some adenocarcinoma in the retroperitoneal 
glands which were histologically indistinguishable from the primary carcinoma 
IS a famous case Thus, the growth had lain latent over that period of time It 
would seem, therefore, that it behooves the surgeon to perform within reason, 
thorough extirpation of carcinomatous growths whenever the region involved 
and the extent permit such procedure 

141 



LB^TTER TO THE EDITOR AnnaU ot Sureery 

July 1949 

Local recurrence in the skin, in several instances in my own personal experi- 
ence have been successfully treated by radical secondary excision In the 
absence of distant metastases or local signs of inoperability, such as fixation 
due to involvement of the chest wall, brachial plexus or the great vessels, it is 
our belief that the great majority of patients with carcinoma of the breast 
should be given the opportunit}^ of having radical mastectomies 

Another point which is not emphasized in Doctor Eckert’s paper, or that of 
Haagensen and Stout m their classification of "categoi ically inoperable cases,” 
IS the prognosis depending on the histologic type of tumor Almost everj'one 
who has treated carcinoma of the breast knows, or should know, for instance, 
that a duct cell or comedocarcmoma of the breast, no matter how extensive the 
ulceration oi edema, offers far the best prognosis of all the malignant tumors 
of the breast It would, of course, be possible to have such a tumor of the 
breast in a late stage and still, in spite of the external appearance of inoper- 
ability, be amenable to radical surgical extirpation These opinions are based 
upon many years’ experience of the staff of the Johns Hopkins Hospital asso- 
ciated with the late Doctors Halsted, Finney, Bloodgood, Heuer, McClure, 
Reid, Holman and many of the resident surgeons connected with Doctor Hal- 
sted’s staff who were intensely interested m the study of malignant tumors oi 
the breast I think that in our present state of knowledge all malignant tumors 
of the breast should be treated surgically and by a radical operation similar to 
the one proposed many years ago by Doctor Halsted and unimproved since It 
transcends human knowledge, at present at least, to prognosticate accurately in 
such cases unless as stated before, there are distant metastases or local involve- 
ment of structures which are obvious and need no discussion The efficacy of 
any other form of therapy, including deep roentgen, before or afterwards, has 
never been convincing to me and certainly, in my opinion, radical surgical 
excision is still the therapeutic method of choice 

The mam difficulty with the classification “categorically inoperable” is that 
it IS too categorical 

William F Rilnhoff, Jr, MD 
1201 North Calvert St 
Baltimore 2, Md 
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Review of Acute Imtestixal Obstructiox by Rodney Smith, Asst Surgeon, 
St George’s Hospital, London The Williams S. Wilkins Co, Baltimore, Md, 1948 
Price $5 00 , 240 pages 

This book presents the mechanisms of acute intestinal obstruction due to various 
causes and discusses the pathological ph}'siolog3'^ and its treatment The last one hundred 
pages are concerned with the individual varieties of acute intestinal obstruction, and 
because of the large number can be onl}’- briefly discussed 

Emphasis is given to conservative decompression with indications for operation, with 
the author’s opinion being that aseptic types of anastomoses are to be preferred While 
there is more or less complete agreement that there are types of acute intestinal obstruc- 
tion which can be relieved temporanl}’’ or permanently with the use of the Miller Abbott 
tube alone, not all will agree with the statement that “once the balloon of the Miller 
Abbott tube is in the duodenum, decompression can ah\a3’’s be achieved’’ While for the 
most part the local mtraperitoneal instillation of sulfonamides has been abandoned m this 
country, the author believes strongl}-^ that it should be used and devotes a chapter of 
discussion in support There is a paucity of discussion in regard to electrolyte control 
and replacement, and the author cites his lack of experience with parenteral protein 
alimentation due to lack of supplies in England 

While nothing new is presented, the book is an excellent review of the subject, 
recognizing the limitations of space 

David V Habif, M D 

Preoperative and Postoperative Care of Surgical Patients by Hugh C Ilgen- 
fritz, St Louis, C V Mosby Company, 194S, price $1000 

This book contains much useful information and on the whole fairly represents the 
principles and methods accepted by present-day surgery The author provides a useful 
set of rules and procedures for actual preoperative and postoperative situations He has 
chapters devoted to the problems of biliary, gastric, colonic and thoracic surgery, as well 
as to general subjects such as wound care, surgical infections and shock 

The book suffers somewhat from the author’s efforts to cover too broad a range of 
topics His discussions of physiological chemistry and of the techniques of laboratory 
determinations are too abbreviated and elementary to be worthwhile The author writes 
m a didactic manner, and a more imaginative discussion of conflicting viewpoints of the 
controversial problems would haie been desirable and, very likelj’-, useful 

Nicholas S Gimbel, MD 
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ANNOUNCEMENT 

The Kappa Delta Award for 
Research in Orthopedic Surgery 

The National Council of the Kappa Delta Sorority has inaugurated a prize of one 
thousand dollars to be given annually by the American Academy of Orthopaedic Surgeons 
for the best research in orthopedic surgery performed during the year by an individual in the 
United States The first award, for the year 1949, will be announced at the seventeenth 
annual convention of the Academy in New York, February 11, 1950 Those wishing to 
compete for this prize can secure further information from Dr Walter Stuck, 1426 Nix 
Professional Building, San Antonio, Texas, Chairman of the Award Committee for 1949 
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THE MECHANISM OF THE POST-GASTRECTOMY 
“DUMPING” SYNDROME-' 

Thomas E Machella, M D 

PiiiLADi iPiriA, Pa 

FROM THn CASTRO INTESTINAL SECTION OE THE MEDICAL Cl INIC 
HOSPITAL OE THE UNIVERSITY OE PENNSYLVANIA, PHILADELPHIA 

One of the functions of the stomach is that of a reservoir Normally 
It evacuates a mixed meal in about three to four hours at an estimated rate of 
about lO to 15 cc per minute When the gastro-intestinal tract has been 
deprived of its gastric reservoir, as after a gastroenterostomy or a subtotal 
gastric resection, the ingested food may enter the jejunum almost immediately 
and give rise to unpleasant symptoms, these constituting what has been called 
the “dumping syndrome,” 

The symptoms consist of any combination, or all, of the following a feeling 
of warmth, sweating, tightness or pain m the epigastrium, nausea, weakness, 
palpitation, vertigo and even collapse They vary in severity and in the degree 
to which they incapacitate the patient, but usually cause him to he down after 
meals until they subside They occur after all meals in some individuals, but 
only after ceitain ones in others They usually make their first appearance 
when the patient resumes feedings postoperatively and may trouble him for 
weeks or years Some patients learn that the avoidance of certain foods, or 
of liquid, may prevent the development of the syndrome 

The mechanism of production of the symptoms has been variously ascribed 
It has been maintained^ that the symptoms are due to hypoglycemia, which 
IS alleged to occur secondaril)'- to hyperglycemia, the lattei resulting from 
rapid absorption of carbohydrate from the jejunum It has also been held- 
that they are due to the hyperglycemia (hyperglycemic shock) because they 
occur during the hyperglycemic phase of postprandial absorption An entirely 
diflferent explanation is that the symptoms result from mechanical distention of 
the jejunum by the “dumping” of food into it It has also been stated” 
that there aie two sets of symptoms (i) early postprandial, due to mechan- 
ical distention of the jejunum (and possibly m some cases due to absorption 
of unchanged protein with the subsequent effect of shock) and (2) late post- 
prandial, due to hypoglycemia 

In Mew of the above conflicting opinions as to the mechanism of the 
production of symptoms, a number of experiments was performed on 16 
* Submitted for publication, December, 1948 
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patients manifesting post-subtotal gastrectomy “dumping” symptoms and on 
control subjects with intact stomachs As a result, a mechanism for the 
development of the early postprandial symptoms has suggested itself which 
appears to explain the clinical and experimental observations more satisfac- 
torily than any of the previously proposed ones 

SUBJECTS AND PROCEDURE 

The subjects were patients from the Gastro-Intestinal Section of the 
Medical Clinic and from the surgical and medical wards of this hospital who 
had undergone a subtotal gastric resection (Table I) Each, except one (Case 
14), had roentgen evidence of rapid passage of a barium meal from the 
esophagus into the jejunum 


Table I — Description of Patients and "Dumping” Symptoms Manifested 


Subtotal Gastric Time of Occurrence 
Case Age/ Resection of Symptoms with 

No Se\ performed for Relation to Meal Nature of “Dumping’ Symptom ♦ 


1 

63 /M 

Marginal ulcer 

Immediately after 

2 

39/M 

Duodenal ulcer 

Immediately after 

3 

35 /M 

Duodenal ulcer 

Immediately after 

4 

28/M 

Duodenal ulcer 

Immediately after 

5 

63/M 

Duodenal ulcer 

Immediately after 

6 

30/M 

Duodenal ulcer 

Immediately after 

7 

58/F 

Gastric carcinoma 

Immediately after 

8 

40/F 

Duodenal ulcer 

Immediately after 

9 

63/M 

Gastric ulcer 

Immediately after 

10 

26/M 

Duodanal ulcer 

Immediately after 

11 

SS/M 

Gastric carcinoma 

Immediately after 

12 

42/M 

Duodenal ulcer 

Immediately after 

13 

68/F 

Leather bottle 
stomach 

Immediately after 

14 

48/M 

Duodenal ^ilcer 
\ 

Immediately after 

IS 

47/M 

Duodenal ulcer 

Immediately after 

16 

30/F 

Duodenal ulcer 

Immediately after 


Epigastric fulness, weakness palpitation and sweating 
Epigastric fulness weakness and palpitation 
Epigastric pain pallor palpitation, sweating and 
vertigo 

Nausea weakness vertigo blurred vision and epigas 
trie fulness 

Epigastric fulness weakness vertigo and sweating 
Nausea weakness pallor sweating and palpitation 
Nausea weakness palpitation epigastric fulness and 
vertigo 

Nausea weakness palpitation 
Weakness palpitation and vertigo 
Nausea weakness palpitation and vertigo 
Epigastric fulness and pain vertigo palpitation and 
sweating 

Nausea weakness vertigo palpitation vomiting and 
sweating 

Epigastric fulness nausea vertigo weakness palpita 
tion and blurring of vision 

Epigastric fulness sweating weakness vertigo pal 
pitation and collapse 

Palpitation weakness vertigo and fainting 
Epigastric pain weakness, nausea and palpitation 


* All patients had to lie down after a meal during period of symptoms 

The filtrate for the blood sugar determinations was prepared by the 
Folin-Wu method (zinc sulfate-barium hydroxide) which, in our laboratory, 
yields higher values (average, 25 3! mg per 100 cc range, 6 to 60) than 
when the filtrate is prepared by the Somogyi (tungstic acid) technic Other 
details of procedure are described in the sections dealing with results 


RESULTS 

I Tune of Ocewj ence of Symptoms m Relation to Ingestion of a Meal 
Each of the 16 patients who complained of the “dumping” syndrome reported 

t Figvres were derived from simultaneous blood sugar determinations by both 
methods on 90 separate samples of blood, ranging from 48 to 287 mg per 100 cc by 
the Folm-Wu method, and from 28 to 255 mg per 100 cc by the Somogyi procedure 
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that the symptoms occurred toward the end of a meal or almost immediately 
after its completion (Table I) The meals that were alleged to produce the 
most severe symptoms were either those that contained more sugar and 
fluids than others or the heaviest meals of the day (Table II) Milk was 
thought to be a culprit by several, sweet substances by others A chocolate 
milk shake on an empty stomach was followed by unusually severe symptoms 
in two instances 

The symptoms were observed to occur in 13 of the 16 patients who 
ingested a mixed meal They occurred toward the end of, or shortly after, 
consuming the test meal (Table II, Fig i), which consisted of the following 


Table II — Food Substances Claimed by Patients to Produce “Dumping” Symptoms and 
Character of Response to Various Test Substances 


"Dumping ’ Symptoms Reproduced (+) or not reproduced ( 0 ) 
by Oral Administration Of 


Case 

No 

Substances or meals Which Patient 
Claimed Produced Severest Symptoms 

Test Meal 
(See Text) 

Glucose or 
Sucrose 

Levulose 

Protein 

hydrolysate 

1* 

Milk, desserts 

+ 

-f 



2*t 

Milk desserts 

+ 

+ 



3 t 

Milk, cake milk shake 

+ 




4+ 

Large meals 

+ 

-h 

-f (diarrhea) 

-b (vomited) 






+ (vomited) 

s*t 

Milk coffee, sugar 

+ 

+ 



6*t 

Anything sweet 

+ 




7 

Large meals 

+ 




8 

Milk sweet substances 

+ 


0 (diarrhea) 

0 (diarrhea) 

9*t 

Milk, cake, coffee, sugar 

+ 

+ 

0 (diarrhea) 


10+t 

Liquids with meals 

+ 



0 (diarrhea) 

11 

Milk, pastry 

+ 


0 (diarrhea) 


12’*- 

Milk, heavy meals milk shake 

+ 

+ 



13 ’*- 

Milk 

+ 




14 

Protein hydrolysate and dextn-maltose 






supplements 

0 

+ 



IS 

Milk, sweet desserts 

0 (diarrhea) 

0 (diarrhea) 

0 (diarrhea) 





0 (diarrhea) 


0 (diarrhea) 

16 

Sweet desserts 

0 (diarrhea) 

0 tdiarrhea) 


0 (diarrhea) 


* ‘Dumping ' symptoms after meals prevented by atropine administered before meals 
$ ‘ Dumping ' symptoms did not occur when fluids were omitted during meals 


items Cooked cereal, 150 Gm , cream, 100 cc , milk, 240 cc , sugar, 15 Gm , 
toast, 30 Gm , butter, 10 Gm and i soft boiled egg This meal, on calculation, 
contained 75 Gm of carbohydrate, 25 Gm of protein, and 38 Gm of fat 
They appeared promptly, increased in severity and then gradually abated over 
a period of 10 to 40 minutes They were associated with tachycardia and an 
increase in the systolic and the diastolic blood pressure In three of the 
patients, “dumping” symptoms did not develop In one of them (Case 14), 
who had a small stoma associated with a “cup and spill” type of gastroentero- 
stomy arrangement, the symptoms occurred only when a hypertonic solution 
of a protein hydrolysate and dextn-maltose was taken, although this followed 
a meal, which itself had given no “dumping” manifestations In the remaining 
two patients (Cases 15 and 16) loud borborygami w'ere heard, abdominal 
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cemia might have been expected to occur , symptoms, however, did promptly 
follow the ingestion of a second meal (Fig 2) 

B (Following oral administration of glucose or sucrose) Shortly after 
the ingestion of 100 Gm of glucose or sucrose m 250 cc of tap water unusually 
severe “dumping” symptoms appeared in 7 out of 10 instances (Table 11 ), and 
persisted during the period of hypergtycemia (Fig 3) These symptoms were 
always more severe than those observed following mixed meals In only one, 
instance (Case 4), was a sensation of hunger and apprehension experienced in 
the post-hypei glycemic phase, at a time when the blood sugar level was low 

In two patients (Cases 15 and 16) “dumping” symptoms did not occur 
following ingestion of sucrose or glucose (Table II) In one of them (Case 
15), a liquid stool was passed shortly after the administration of the sucrose 
solution, and on another occasion after the ingestion of glucose The “dump- 
ing” symptoms did not occur despite a considerable elevation in blood sugar 
In the other (Case l6), the glucose solution was mixed with barium and the 
behavior of the barium observed fluoroscopically Marked intestinal hypermo- 
tility was noted and the barium was passed by rectum 15 minutes after its 
ingestion 

3 Compauson of Effects of Glucose Admimstey ed Oially and Inha- 
venously The injection of o 5 Gm /Kg of glucose intravenously, in the form 
of a 50 per cent solution, was not followed by the development of symptoms or 
signs of the “dumping” syndrome (Cases i and 4, Table II), despite the fact 
that the blood sugar levels obtained were as great or even greatei than those 
obtained following oral administration of glucose (Fig 3) An elevation in 
blood pressure or an increase in pulse rate likewise did not occur 

4 Effect of Ingestion oi Instillation of Hypeitomc Solutions Othei than 
Glucose or Suciose into the Small Intestine A (Protein hydrolysate) The 
01 al administration of 75 to 100 Cm of an enzymatic casein digest in 250 cc 
tap water to two patients (Cases 4 and 16) was promptly followed by the 
development of unusually severe “dumping” symptoms (Table II) In both 
instances the symptoms were terminated by vomiting the entire amount within 
five minutes of ingestion On another occasion, the solution was introduced, 
by means of a tube, directly into the jejunum (Case 4) in order to avoid a 
possible psychic effect of its unpalatable taste Emesis of tbe administered 
amount likewise promptly terminated the severe symptoms that followed In 
thiee other instances (Cases 8, 9 and 16) the ingestion of the solution did not 
produce “dumping” symptoms or vomiting but gave rise to a diarrhea 
B (Levulose) Four patients (Table II) ingested 100 Gm of levulose in 250 
cc of tap water “Dumping” symptoms did not occur in three of them (Cases 
8, 9 and ii) , instead, loud boiborygami and numerous violent diarrheal dis- 
charges, consisting mostly of fluid, occurred shortly afterwards One patient 
(Case 4) , however, experienced mild “dumping” symptoms prior to an ensuing 
diarrhea A similar diarrhea and absence of “dumping ’ symptoms uas noted in 
Cases 15 and 16 following ingestion of sucrose or glucose 
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5 Effect of Inshllahon of Hypei tome Glucose Solution into an Isolated 
Segment of Intestine The jejunum of a normal young healthy adult male 
(stomach intact) was intubated with a double-lumen Miller- Abbott tube, one 
lumen of which was connected to a balloon and the other arranged to deliver a 
solution of hypertonic glucose into a section of the jejunum proximal to the 
balloon The balloon was inflated with sufficient air to obturate the lumen but 
not produce manifestations of gut distention Then 250 cc of a solution con- 
taining 100 Gm of glucose were introduced into the isolated segment of 
jejunum Within five minutes after the solution had entered, the patient 
broke out into a sweat, experienced nausea and became pale The pulse rate 
and blood pressure increased (Fig 4) and he made an unsuccessful effort to 
withdraw the tube The balloon was quickly deflated with a prompt lessening 
in severity of symptoms They persisted, however, in milder degree for about 
50 minutes The symptoms were greatest in intensity before the blood sugar 
became elevated 

6 Volume of Fluid Aspnated fiom an Isolated Loop of Intestine Follow- 
ing Inti oduction of a Hypei tonic Salt Solution By means of an intubation 
technic’’’ used for studying absorption from an isolated segment of intact 
intestine, 30 cc of a saturated solution of sodium sulfate were introduced 
into the upper jejunum of 20 subjects with intact gastro-intestmal tracts 
Continuous aspiration, at a point 75 cm below the area into which the solution 
was introduced, yielded a flow of fluid at an average rate of 8 o cc per minute 
during a 30-minute collection period This was in contrast to an average rate 
of o 8 cc per minute for collection periods varying from 7 to 150 minutes 
before the sodium sulfate was introduced “Dumping” symptoms were ob- 
served in nine of the 20 subjects after the instillation of the sodium sulfate , in 
twm of them the experiment had to be terminated because of their seventy 

7 Effect of Distending the Intestine by an An -Inflated Balloon Disten- 
tion of the efferent jejunal loop by an air-inflated balloon (Cases 4 and 15) 
w^as follow^ed immediately by pain in the epigastrium, palpitation, sw^eating, 
w^eakness and an increase in blood pressuie (Fig 5) The severity of the 
symptoms w^as directly proportional to the degree of distention The symp- 


Fig 3 — Case 4 Blood sugar curves after administration of glucose orally and 
intravenously, and after a miNed meal The “dumping” symptoms occurred when the 
glucose wfas administered orally but not when it \vas injected intravenously The}' 
also occurred after the mixed meal An increase in pulse rate (PR) and' sj'^tolic 
(SBP) and diastolic blood pressures occurred during the period of symptoms 
produced bv the mixed meal and the oral glucose solution, but not when the glucose 
was injected intravenously In this and subsequent figures, the ordinates represent 
blood sugar in mg per 100 cc , pulse rate per minute, and blood pressure m mm 
mercury 

Fig 4 — The figure illustrates the production of “dumping” sjmptoms m a normal 
subject by the instillation of too Gm of glucose m 230 cc water into a balloon- 
isolated ■section of jeiunum The symptoms were of such se\erit} that the balloon 
had to be deflated Tliey appeared before the blood sugar concentration increased 
sufficiently to be termed a hvnerirh ceinia and were accomnanied by an increase in 
nulse rate (PR) and systolic (SBP) and diastolic (D B P ) 'blood pressures 
The manifestations of the “dumping” sMidrome persisted m a less se\ere degree for 
about 50 minutes after the balloon was deflated 
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toms and circulatory changes promptly abated when the balloon was deflated 
Re-inflation reproduced the symptoms 

8 Effectiveness of Ah opine in Pievention of ‘'Dumping” Symptoms 
Atropine, in sufficient dosage to produce dryness of the mouth (o 6 to 12 
mgm ), administered one-half to one houi before meals, was effective in 
preventing “dumping” symptoms in nine out of ii patients (Table II) The 
symptoms did occur, however, when a placebo was substituted (Fig 6) The 
effective use of atropine did not influence the blood sugar concentration (Fig 
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Fig 5 — Case 15 The reproduction of the manifestations of 
the “dumping” syndrome by balloon distention of the efferent 
jejunal loop in a patient who had had “dumping” symptoms 
previously, but who developed diarrhea and not “dumping” 
symptoms when a hypertonic solution of glucose was adminis- 
tered orally or when a mixed meal was ingested (See Table II) 

Inflation of the balloon with air produced the symptoms and an 
increase in systolic (S B P ) and diastolic (DBF) blood 
pressures Deflation of the balloon caused the symptoms to 
disappear and the blood pressure to return to normal levels 

7) In two of the ii patients (Cases 8 and i6) to whom atropine was admin- 
istered prior to the ingestion of the meal, vomiting occurred as soon as t)ie 
meal was eaten and a furthei trial of the drug was discontinued The dump- 
ing” symptoms were not prevented by vagotom)'-, “complete,” as judged by 
negative insulin tests, in four of the patients (Cases 2, 3, 5 and 8) 

9 Effectiveness of Ati opine in Pi eventwn of Symptoms Due to Balloon 
Distention of Intestine Air-inflation of a balloon in the efferent jejunal loop 
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before the administration of atropine produced the symptoms described pie- 
viously Re-inflation of the balloon after atropine was administered produced 
less severe symptoms than before atropine (Fig 8) The blood pressure 
elevation likewise was less marked The pulse rate, however, increased as a 
result of the effect of atropine on the cardio-mhibitory mechanism, the rate 
remaining elevated even when the balloon was deflated 


Fig 6 



0 eo 40 eo bo ioo ito 140 tto 
time in minutes 


Flo 7 

Fig 6 — Case 1 The effect of atropine (gr 1/75) admin- 
istered orallj' one-half hour before breakfast (B), lunch (L) 
and supper (S) on successive dayis The “dumping” symptoms 
(dark columns) occurred when nothing, or a placebo, was ad- 
ministered but did not occur when atropine was given 

Fig 7— Case 1 A.tropine sulfate (gr 1/75) administered 
subcutaneousb prevented the "dumping” symptoms (S) from 
occurring after a mixed meal (M) but did not alter the blood 
sugar curve significantly 
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Fig 9 

Fig 8 — Case 15 Distention of the efferent jejunal loop by means of a balloon 
after atropine (gr 1/75) was administered subcutaneously, produced less marked 
“dumping” manifestations than before atropine The symptoms after atropine were 
less severe as indicated by the height of the blocks and the increase in systolic 
(SBP) and diastolic (D B P ) blood pressures was less marked The pulse 
rate (PR) increased and remained elevated as a result of the atropine ( See te\0 
Fig 9 — Blood sugar curves in three subjects following ingestion of a meal^ (M) 
of exactlv identical composition (See text) The curve labelled “control" was 
obtained in a healthy individual with stomach intact The curve (D S ) was 
obtained in a patient (Case i) who had a subtotal gastrectomj performed and v,as 
manifesting “dumping” symptoms after meals The solid black-lined curve was 
obtained in an individual wdio had his stomach completely removed, m him, no 
“dumping” symptoms occurred after the meal despite the fact that the blood sugar 
concentrations attained w'ere greater than in the subject manifesting “dumping 
symptoms (S) 
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10 Effect of Omitting Fluids and Siigai pom a Meal The omission of 
sugar and of free fluids in form of soup, water, coffee, milk, etc , during meals, 
in each of our last six patients obseived (Cases 2, 3, 5, 6, 9 and 10), resulted 
in a failure of the “dumping” symptoms to occur Fluids, taken between 
meals, caused no symptoms unless they contained sugar 

COMMENT 

On the basis of the experiments described in this report supported by the 
data of other workers, the following explanation of the mechanism of produc- 
tion of the early postprandial “dumping” sjanptoms seems tenable They are 
caused by distention of the jejunum This distention ordinarily is due to an 
outpouring of fluid by the jejunal wall in an attempt to dilute hypertonic food 
material that has been passed along by the non-retentive stomach lather than 
to the mechanical presence of the ingested food per se The symptoms are not 
caused by hypoglycemia or hyperglycemia, though hyperglycemia may be 
present during the period of symptoms if the particular hypertonic solution 
responsible for their production happens to be a sugar solution such as suciose 
or glucose 

In support of the proposed mechanism are the following clinical and experi- 
mental observations i The symptoms occui toivaid the end of 01 shoitly ajtei 
the compleHon of a meal, at which time a hypertonic solution may first be 
made available to the jejunum for dilution It is possible, however, for symp- 
toms to occur some time after the completion of a meal if the stoma is small 
and not situated in the most dependent portion of the gastric remnant In 
such an instance, the gastiic lemnant does not empty promptly and is of the 
“cup and spill” type The mechanism is brought into play only as the gastric 
lemnant spills hypertonic contents into the jejunum This occurred in one of 
our patients (Case 3) who manifested symptoms only when he took supple- 
mental feedings of a casein hydrolysate and dextri-maltose solution after 
eating his mam meal 

2 The absence of any consistent con elation betzveen symptoms and blood 
sugai concent) atwn is noted Despite the fact that a hyperglycemia may be 
demonstrated during the period of symptoms induced by the ingestion of a 
mixed meal or of a suciose or glucose solution, one should not ascribe the 
production of symptoms to the hypeiglycemia for several reasons 

(a) “Dumping” symptoms can be demonstrated to occur before hyper- 
glycemia develops following the intiajejunal instillation of glucose solution 

(Fig 4) 

(b) “Dumping” symptoms do not occui wlien hyperglycemia is induced 
by the intiavenous injection of glucose The absence of “dumping” s}mptoms 
after intravenous injection of glucose has been commented on by Gilbert and 
Dunlop ^ 

(c) The blood sugai concentiation may rise to a considerable height after 
a meal m a completely gastiectomired patient (Fig 9) and }et no "dumping” 
symptoms occur 
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(d) “Dumping” symptoms may be produced by the admimstiation of 
hypertonic solutions of magnesium and sodium sulfate, which do not produce a 
hyperglycemia We have observed “dumping” symptoms after the instillation 
of magnesium sulfate into the duodenum of patients being subjected to biliary 
drainage for evidence of gallbladder disease 

3 The ^'dumping’" symptotm can be leptodiiced by balloon distention of 
the intestine This strongly supports the mechanical distention hypothesis 
Similar symptoms were noted by Ivy® following irritation of the duodenum 
He also reported the production of pain in the epigastrium on distending a 
balloon in the duodenum We have frequently noted “dumping” symptoms 
during distention of a balloon-isolated segment of duodenum with injected 
barium when attempting to delineate duodenal mass lesions by roentgenolog- 
ical means At tunes the procedure had to be discontinued because of the 
severity of the symptoms However, it is not the distention produced by the 
mechanical bulk of an ingested meal alone that gives rise to the “dumping” 
symptoms because, as has been also noted by others,® not all meals are fol- 
lowed by “dumping” symptoms To produce symptoms, a meal should pos- 
sess several characteristics and certain conditions must be present 

(a) Ingredients of high osmotic pressure (over 300 milhosmols) must be 
present in the meal The ingredients are usually sugars but can be salt and 
protein products 

(b) Sufficient fluid must be ingested during a meal to dissolve the ingredi- 
ents possessing osmotic properties and yet yield a hypertonic solution of 
sufficient strength to draw additional fluid from the blood stream into the gut 
The omission of fluids from the meals of several of our patients resulted in 
the failure of “dumping” symptoms to develop 

(c) The energy expended by the diluting mechanism m distending the 
lumen must not be dissipated by vomiting Vomiting of the meal can provide 
complete relief from the symptoms by removing the cause of the distention 
“Dumping” symptoms are claimed to be lessened when the patient lies down 
after a meal In the horizontal position jejunal content flows back into the 
gastric remnant Thus, the energy, which otherwise would be fully utilized m 
distending the gut, is partially dissipated 

(d) The energy expended by the diluting mechanism must not be dissi- 
pated by the production of such excessive hyperactive peristalsis that the meal 
IS dispersed rapidly throughout the small intestine “Dumping” symptoms 
may fail to occur if a stool is passed shortly after ingestion of sugar solution 
or a meal, when such stool passage is the result of hyperactive small intestinal 
peristalsis stimulated by a hypertonic solution in the jejunum Evidence m 
support of such a mechanism was supplied by Abbott, Karr and Miller 
employing roentgenologic, balloon-kymographic and chemical analytic 
methods They found that the propulsive activity of the small intestine 
increased directly as the concentration of glucose introduced 

The tendency to incite diarrhea rather than “dumping” symptoms appears 
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to be more characteristic of equivalent concentrations of levulose than of 
sucrose of glucose, as evidenced by the observations on four of the patients 
(Cases 4, 8, 9 and ii), when violent diarrheal discharges occurred after 
ingesting levulose Two of the patients (Cases 15 and 16) did, however, 
develop diarrhea and not "dumping” symptoms after glucose or sucrose It is 
of interest to note that m the protocols of Glaessner’s“ cases, diarrhea and not 
"dumping” symptoms occurred when levulose was administered He ascribed 
the failure of “dumping” symptoms to occur after levulose to its poor absorp- 
tion and absence of the hyperglycemia which he believed to be responsible for 
"dumping” symptoms 

(e) Fluid must be readily mobilized from the blood stream to enter the 
gut lumen with sufficient rapidity to distend it That such fluid does enter the 
intestine in response to the presence of a hypertonic solution is evidenced by 
the ability to aspirate several times the volume of a hypertonic sodium sulfate 
solution introduced into an isolated segment of intestine within a short time 
of its entry Similar observations were reported by Abbott, Karr and Miller*’ 
when hypertonic glucose solutions were introduced Pendergrass et 
reported roentgenologic evidence of dilution of a hypertonic solution in the 
intestine when they administered a hypertonic glucose solution containing 
barium to subjects who emptied the meal promptly The intestinal stream of 
barium was observed to produce a cloud effect “as though the hypertonic 
solution caused mucosa to pour fluid in an attempt to dilute the opaque 
medium ” A dilution of hypertonic solutions introduced into the stomachs of 
dogs was reported by Ravdm et al who suggested that this mechanism pre- 
vented hypertonic solutions from entering the intestine 

That many of the manifestations of the “dumping” syndrome can be repro- 
duced by inflating a balloon in the intestine is strong evidence in support of the 
distention theory of production of symptoms There is, however, one point 
which requires comment In our experience, balloon distention of the gut, 
sufficient to produce symptoms similar to the “dumping” manifestations, 
always gave rise to severe pain in the epigastrium Only three of our 16 
patients complained of pain as one of the “dumping” manifestations following 
meals Others, however, complained of a “fulness” or a “tightness” in the 
epigastrium, similar to that experienced before actual pain occurred on inflat- 
ing the balloon Whether 01 not pain occurs, or just tightness, may be a matter 
of degree, as well as of the extent of the area of distention It is of interest 
that Magee and Reid^*’ have shown that hypertonic glucose solutions, intro- 
duced into the gut, stop the movement of vilh and slow the blood flow through 
the mucosal vessels The accelerator response of the cardiovascular system 
\\ Inch occurs during the “dumping” symptoms may represent a compensator}' 
attempt to increase the blood flow through the congested mucosal vessels 
4 The syiiipfoiu^ can be pi evented by omission of fluids fiom the mcaU 
The failure of “dumping” symptoms to occur when liquids are omitted from 
the meal has led us to adopt such a regimen for the prevention of “dumjnng” 

157 



THOMAS E MACHELLA 


Anmls of Surgerj 
August 104 'l 


bymptoms Liquids are ingested between meals Ati opine, because of its 
tendency to produce a disturbing dryness of the mouth and blurring of vision, 
IS not used routinely Some of the patients, however, take atropine when they 
wish to eat a full course meal 

MECHANISM OF ACTION OF ATROPINE IN PREVENTING 

“dumping” symptoms 

In our experience, the admimsti ation of atropine m physiologic doses 
before a meal was effective m pi eventing the early postprandial symptoms m 
most instances Bockus piesumably referring to symptoms due to rapid 
emptying of the stomach after partial gastrectomy, also noted that large doses 
of atropine or belladonna may be of benefit It should be emphasized that it is 
the early postprandial symptoms which jnay be prevented by atropine The 
late manifestations, which aie due to hypoglycemia, are apparently not influ- 
enced ^ At the present time, the exact mechanism by which atropine prevents 
the early postprandial “dumping” symptoms is not clear and the problem is 
being studied further The drug as demonstrated by Elsom and Drossner^** 
lessens intestinal tone, diminishes muscular contractions and, as a result, 
decreases intestinal motility In the “dumping” patients it may possibly act by 
relaxing the gut beyond the point at which active distention is produced by 
the pouring m of fluid This explanation is suggested by the experiment cited 
in Fig 8 The mechanism does not appear to be the interruption of an 
afferent or an efferent pathway m the vagus nerves because vagotomy, “com- 
plete,” as judged by negative insulin tests, does not prevent the symptoms 
One of Moore’s cases’-® also manifested “dumping” symptoms after vagotomy 
In our experience a physiologic dose of atropine has more consistently pro- 
duced an inhibitory effect on the small intestine than has vagotomy We have 
m our series of cases, one patient (Case 8) who developed jejunal dilatation 
after vagotomy’® and who manifests “dumping” symptoms 

summary 

1 Observations on i6 subtotal gastrectomy patients manifesting symptoms 
of the “dumping” syndrome revealed that the symptoms occurred toward the 
end of a mixed meal or immediately thereafter, during which tune the blood 
sugar concentration was always elevated They weie accompanied by a rise 
in blood pressure and an increase in pulse rate Hypoglycemia was not found 
in any of them during the period of symptoms 

2 The “dumping” symptoms were reproduced by the administration of 
glucose and sucrose orally but not -ndien glucose was administered intra- 
venously 

3 The “dumping” symptoms were reproduced m individuals with intact 
stomachs as well as in patients subjected to subtotal gastrectomy, by the 
mtrajejunal instillation of hypertonic solutions of glucose protein hydrolysate 
and sodium sulfate, and by distention of the jejunum with an air-inflated bal 
loon They have also been observed following the introduction of 33 
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magnesium sulfate into the duodenum for the purpose of evacuating the 
gallbladder 

4 The symptoms were prevented by the omission of fluids from meals as 
well as by the administration of atropine m physiologic doses before meals 
They were not prevented, however, by vagotomy 

5 It IS proposed that the early postprandial “dumping” symptoms are due 
to distention of the jejunum b}^ fluid which enters the lumen of the gut from 
the blood stream in response to the presence of a hypertonic solution formed 
from the ingredients of a meal possessing osmotic properties and not to dis- 
tention by the bulk of the ingested food They are not caused by hypergly- 
cemia though a hyperglycemia may be present during the period of symptoms 
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A STUDY OF MORTALITY IN A BURNS UNIT^ 

STANDARDS FOR THE EVALUATION OF ALTERNATIVE METHODS OF TREATMENT 

J P Bull, M B , B Ch , and J R Squire, M D , M R C P 

FROM THE MEDICAL RESEARCH COUNCIL INDUSTRIAL MEDICINE AND BURNS RESEARCH UNITS 
BIRMINGHAM ACCIDENT HOSPITAL BIRMINGHAM ENGLAND 

During the last 30 years, medical science has introduced a wide range 
of potent remedies For many diseases (and injuries) the new treatments 
available do not consist of the simple administration of a single drug, rather, 
multiple advances have been introduced This more complex situation is well 
exemplified by the modern treatment of burns To assess the value of such 
all-round improvement, the results of treating a Mmprehensive series of 
patients must be described in quantitative terms As ordinarily presented, 
however, without statistical analysis, these results are frequently meaningless, 
and surprisingly little critical interpretation has been offered Bare statements 
such as “seven thousand patients were treated with a case mortality of five per 
cent” are still common in medical literature The following account is intended 
to show how such work can be converted into valuable data The methods 
used involve a statistical treatment which is not familiar to most medical men 
A simple table (Table III) has been drawn up which, by arithmetical addition 
only, permits a comparison between the results of treatment to burned patients 
given in the Medical Research Council Burns Unit and that used m other 
centers In effect, a simple standardization of the results is achieved by these 
calculations so that account is taken of the differences in seventy of lesion and 
age of patients in each series The technical methods by which this table has 
been produced are given m full, so that their validity can be checked, and in 
order to bring out various interesting implications of the results It is hoped 
that the essentials of the method will be applied to conditions other than burns 

The two factors which need standardizing, if results of different centres 
are to be validly compared, are age of patient and severity of lesion 

(a) The age of each patient is easily obtained, and as is well known, has 
a very marked effect on the outcome of a burn especially in later adult life It 
IS therefore desirable to record individual ages rather than to assign the patients 
to coarse age-groups 

(b) The seventy can be measured by the proportion of the body surface 
burned (Berkow^’ ^ ) It has become customary to grade patients on this 
basis, and clinical impressions have been formed as to the extent of burning 
likely to cause death , thus a full thickness burn of one third of the body surface 
was at one time regarded as inevitably fatal Exact studies have confirmed 
that burn area is a useful criterion of severity (Colebrook, et al Clarkson 
and Lawrie,® Mornson^^) Cle arly, therefore, the overall mortality of a senes 

* Submitted for publication, March, 1949 
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Area 

.urned 


measure of severity Most of the patients in this series had areas of both full- 
and partial-thickness skin loss, and the area of each was recorded plotting 
the results from these patients on a diagram showing deep and superficial 



Fig 2 — Diagram showing tlie distribution of the 794 patients in respect of (a) age 
in 3'cars, (b) burn area expressed as percentage of total body surface 
Patients who survived sliown — o, died — x 


areas, the trend of mortality was found to be best expressed in terms of “deep 
aiea plus one-fourth superficial area,” j c , area for area a deep burn seemed 
to be four times as serious as a superficial burn This refinement might be of 
value in compaiing closely matched and highly documented cases, but since the 
exact diagnosis of burn depth is often difficult, subject to revision during the 
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healing stages, and likely to vary with the judgment of different clinicians, the 
more simple if less accurate measure based on the total area of the burn has 
been tidopted 

Since the two factors, age and area burned, influence the mortality, it is 
convenient at first to consider only one factor, the severity of the burn, by 
dividing the series into suitable age groupings For this purpose, patients 
with ages o to 14, 15 to 44, 45 to 64, and 65 or more years were studied sep- 
arately By calculating the proportion of patients dying with burns of differ- 



% Area Burned 

Fig 3 — ^Diagram illustrating characteristic relation- 
ship between case mortality (percentage of patients dying) 
and severity index based on percentage area burned, 
plotted for various area groups of patients 15 to 44 years 
old Solid line represents Probit fit 

ent areas 'withm each group, rough curves relating case mortality to the per- 
centage area burned could be constructed Such a graph is shown in Figure 3 
The data plotted in this way suggest an S-sbaped curve similar to that found by 
Clarkson & Lawne ® Such a sigmoid relationship implied that even for rela- 
tively mild burns (e p- , 5 to 15 per cent in adults age 15 to 44) a few individ- 
uals, less able than the average to withstand burning, succumb On the other 
hand, although an insufficient number of severe burns are available to demon- 
strate the point with certainty, it is reasonable to assume that in the region of 
the curve where the mortality is tending to approach 100 per cent, there would 
be a few exceptionally strong individuals who would survive a burn severe 
enough to cause death in the “average” person (This assumption is to an 
extent shown to be valid by the subsequent calculations ) 
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Those familiar with toxicity experiments on batches of animals, with the 
action of antiseptics on bacteria, or with many other biological studies involv- 
mg populations of appreciable size, will recognize the essential similarity of 
this S-shaped curve to those plotted from other biological phenomena For 
instance the mortality among batches of animals plotted against various doses 
of a toxic drug (or against the logarithm of these doses) usually shows a sig- 
moid relationship It has been supposed that this form of relationship depends 
on the variation of one individual from another within any living population 
group — a variation m susceptibility about an average level which in quantita- 
tive degree corresponds with the usual “normal” distribution curve In experi- 
ments with large numbers, this supposition has been tested and found to fit 
the facts, it can therefore be justifiably extended to cover an analogous situa- 
tion such as the mortality from burns 

Early quantitative studies of this variation of susceptibility to toxic agents 
m animals were made by Gaddum Since then, the mathematical technic for 
handling such material has been developed by Bliss, ^ and m the form now 
known as “Probit Analysis” has been clearly explained and set out by Finney 
So far as is known, this valuable method has not previously been applied to 
any mortality findings in man 

In essence, the Probit technic implies that data of the type shown in Fig 
3 can be replotted with the vertical scale of response (percentage mortality 
m this case) altered so as to convert a sigmoid curve into a straight line This 
result IS obtained if the original sigmoid relationship depends on a “normally 
distributed” factor such as individual susceptibility On the altered scale a 
Probit value of 5 corresponds to 50 per cent mortality , of 6 and 4 to 84 per 
cent and 16 per cent respectively, of 7 and 3 to 97 7 per cent and 2 3 per cent, 
etc Having effected this straight line transformation, simple (though labo- 
rious) methods are available for calculating the best-fit formula for the data, 
testing the probable linearity of the relationship, assessing the certainty with 
which future results can be predicted and so on In series suitable for consid- 
ering in Probit terms, the conclusions are drawn from every part of the data, 
due relative importance being attached to each Thus in the analysis of the 
burned patients, every death and every survival counts, while chance variations 
in the results from diffeient groups are fitted in with the overall experience 

APPLICATION OF PROBIT ANALYSIS, AGE GROUPING RETAINED 

The lesults plotted in Fig 2 were first grouped as shown in Table I 
Within each age group is tabulated the number of patients who suffered burns 
affecting various proportions of the total bod)^ surface Alongside is shown the 
proportion of patients which died in each sub-group 

Thus of five patients age o to 14 years with an approximate mean area 
burned of 50 per cent, one died, giving an observed case mortality of 
20 per cent 

Table I affoids the starting point for calculation of Probit values, and the 
results finally obtained are shown at its foot The Probit lines drawn from 
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these formulae are shown in Figure 4 Here, the Probit values which consti- 
tute the vertical (or Y) scale are shown on the left, and the corresponding 
percentage mortalities are shown on the right Mathematical testing shows 
that the lines afford a satisfactory fit with the original data, and gives no 
indication of a departure from linearity in the direct relationship between 
Probit values calculated from mortality and the percentage body area burned 


Table I — Burns Moitahty 

Results, Stiimnaitccd from Figwe 2 , 
Pi obit Values 

Used VI Calculating 

Age Group 0-14 Years 

Age Group IS- 

-44 Years 

Approx Mean 

Number 

Observed 

Approx Mean 

Number 

Observed 

Percentage 

of 

Case 

Percentage 

of 

Case 

Area Burned 

Patients 

Mortality 

Area Burned 

Patients 

Mortality 

2 

191 

0% 

2 

175 

0% 

10 

107 

0% 

10 

83 

1 2% 

20 

23 

4 3% 

20 

31 

9 7% 

30 

6 

0% 

30 

7 

0% 

40 

3 

33% 

40 

5 

20% 

SO 

s 

20% 

50 

4 

75% 

60 

1 

100% 

60 

2 

100% 

70 

4 

100% 

70 

3 

100% 

80 

1 

100% 

90 

1 

100% 

90 

1 

100% 




Total number of patients 





m group 

342 



311 


Age Group 4S-64 Years 

Age Group 65t Years 

Approx Mean 

Number 

Observed 

Approx Mean 

Number 

Observed 

Percentage 

of 

Case 

Percentage 

of 

Case 

Area Burned 

Patients 

Mortality 

Area Burned 

Patients 

Mortality 

2 

66 

0% 

2 

14 

7 1% 




6 

9 

55 6% 

10 

18 

5 6% 

10 

3 

33 3% 




IS 

2 

50% 

20 

6 

50% 

21 

6 

100% 

30 

1 

0% 

30 

8 

100% 




35 

1 

100% 

45 

1 

100% 

15 

1 

100% 




60 

1 

100% 

75 

2 

100% 

70 

1 

100% 

90 

1 

100% 




Total number of patients 





m group 

95 



46 


Probit formula obtained from above data 




0-14 years Y = 1 29 

-f 0 0728X 

15-44 years 

y = I 94 + 0 0709\ 

45-64 years Y == 1 97 

+ 0 1343X 

65 + years 

Y = 3 61 + 0 1532\ 



(X = % area burned) 





From the lines in Fig 4 (or the formulae in Table I), estimates can 
readily be made of the severity of burn likely to produce any level of nior 
tality For instance, the seventy corresponding to 50 p^’’ mortality can 
be read directly from Fig 4, e g , m the o to 14 age group, a 51 per cent 
body area burn, on the basis of this series, is likely to produce death in 5® 
cent of the patients treated Just as the toxicity of a drug is best expresse 
terms of the dose needed to kill 50 P^^ cent of a batch of experimental aniina 
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(usually known as the Lethal Dose for 50 per cent or LD 50), so we may 
assess the treatment of a senes of burned patients m terms of the area of burn 
producing death in 50 per cent of cases (1 e , Lethal Area for 50 per cent, or 
L A 50) An improvement in treatment will be reflected m a rise in the L A no 
in a comparable group of jDatients The degree of certainty with which this 
figure can be given depends on the number of patients studied, and on how 
severely each one was burned , it can be expressed as falling between certain 
“fiducial limits,” i e , the range within which the true result should be found 19 



Fig 4 — Probit values of case mortality related to severity 
index (i c, percentage area burned) for each age group, plotted 
from formulae given in Table I Typical results derived from 
this figure are shown in Table II 


Mortality 
—97 7 % 


-84% 


—50% 


—16% 


—23% 


— 0 1% 


times out of 20 In Table II, the areas of burn found likely in this series of 
patients to produce 50 per cent and 25 per cent levels of mortality (the L A -o 
and L A ^r, values) are tabulated, together with the fiducial limits of these 
values 

Table II shovs clearly the quantitative eflfect of age in decreasing the 
patient’s povers of resistance to burn trauma Thus among patients age o 
to 14 (average five years) it took a 51 per cent area burn to cause death in 
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50 per cent of cases , a conespondmg effect was produced by a 23 per cent area 
burn m the age group 45 to 64 (average 55 years) and only a 9 per cent 
burn in the elderly group age 65 or more (aveiage 71) These changes are 
highly significant 

RESULTS CO-ORDINATED TO SHOW MORTALITY EXPECTED AT ANY AGE 

Ageing IS a continuous process, and age grouping is an artificial, though 
convenient, abstraction The results calculated for the series may now be con- 
sidered as a whole by plotting graphically, the L A r,o, L A ,0, etc against 
age Such a diagram has been constiucted in Figure 5 Each contour line 
showing the percentage area burn likely to produce death in 50 per cent, 
30 per cent, etc , of cases is based on four points determined from the appro- 
priate Probit line The points show no suggestion of any discontinuity, and 
smooth lines have therefore been drawn between them It is noticeable that 
there is no evidence, either m this graph or in the raw data, for a worse prog- 
nosis in very young children than in older children or adults with any given 

Table II — Compaiaftve Lcthahfv of Bums at Different Ages Denved fi om Probit results 

Area of Burn Corresponding Area of Burn Corresponding 
No of to 50% Mortality to 25% Mortality 


Age Group 
Years 

Mean Age 
Years 

Patients 

In Group 

LA 50 

Fiducial Limits* 

LAj 5 

Fiducial Limits* 

0-14 

5 

342 

51% 

43%-64%, 

42% 

32%-54% 

lS-44 

31 

311 

43% 

37%-55% 

34% 

28%-42% 

45-64 

55 

95 

23% 

17%-40% 

18% 

13%-28% 

65 or more 

71 

46 

9% 

6 %-lS% 

s% 

0 %- 8 % 


* Fiducial limits have been calculated for P = 95 (i e range within which result may be expected to fall 
19 times out of 20) 


percentage area burn of the body Since this is contrary to the clinical impres- 
sions of many surgeons, the original case notes have been carefully checked to 
exclude complicating factors (c <7 , a preponderance of scalds rather than burns 
among young children) The conclusion appears sound, though it should be 
noted that the present series does not include any severely burned infants under 
one year of age (Fig i) so that no statement can be made about patients m 
this age group 

PRACTICAL METHOD OF COMPARING DIFFERENT SERIES 

Any other long series can be compared with the results given heie by 
repeating the calculations described above After deriving Probit values, a 
statistical comparison could be made between the lines obtained, both m 
respect of their position (e g ^ the L A j^s) and of slope (t e , the variability 
of susceptibility to burn trauma) Since the numbers of patients studied are 
usually less extensive and since the necessary calculations are tedious, a more 
convenient method of comparison is put forward 

From the mortality contours at all ages (Fig 5), a grid (Table I ) las 
been constructed showing the probability of death for any given combination 
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Burned 



Age in Years 

Fig 5 — Contour lines dividing zones of equal mor- 
tality with various combinations of age and severity The 
points are derived from the Probit values plotted m Fig- 
ure 4, and have been used to prepare grid shown in 
Table III 


Table III — Gud of Appioxwiatc Mortahiy Prohahihitcs for Vaiwus Combimtwns of 

Age and Area 


% of Age — Years 

Body Area 0— 5— 10- 15— 20- 25— 30— 35— 40— 45— 50- 55— 60- 65— 70— 

Burned 4 9 14 19 24 29 34 39 44 49 54 59 64 69 74 7St 


73 or more 

1 0 

1 0 

1 0 

1 0 

1 0 

1 0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

68-72 

9 

9 

9 

9 

1 0 

1 0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

63-67 

8 

9 

9 

9 

9 

9 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

58-62 

7 

7 

8 

8 

9 

9 


9 


9 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

53-57 

6 

6 

7 

7 

7 

8 


8 


9 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

48-52 

5 

5 

5 

5 

6 

7 


7 


8 


9 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

43-4 7 

3 

3 

4 

4 

S 

5 


6 


7 


8 


9 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

38-42 

2 

2 

3 

3 

3 

4 


5 


6 


7 


8 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

33-37 

1 

2 

2 

2 

2 

3 


3 


4 


5 


7 


9 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

28-32 

1 

1 

1 

1 

I 

2 


2 


3 


4 


5 


7 


9 

1 

0 

1 

0 

1 

0 

1 

0 

23-27 

0 

0 

0 

1 

1 

1 


1 


1 


2 


3 


5 


7 


9 

1 

0 

1 

0 

1 

0 

18-22 

0 

0 

0 

0 

0 

0 


1 


1 


1 


2 


3 


5 


7 


9 

1 

0 

1 

0 

13-17 

0 

0 

0 

0 

0 

0 


0 


0 


0 


1 


1 


2 


4 


7 


8 

1 

0 

8-12 

0 

0 

0 

0 

0 

0 


0 


0 


0 


0 


0 


1 


2 


4 


6 


8 

3-7 

0 

0 

0 

0 

0 

0 


0 


0 


0 


0 


0 


0 


1 


2 


3 


6 

0-2 

0 

0 

0 

0 

0 

0 


0 


0 


0 


0 


0 


0 


0 


1 


1 


3 


Thc'e figures arc appro\iniations to a single place of decimals A reading of 1 0 therefore implies ‘'mo=t 
probable \ alue greater than 0 95 
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of age and burn area These probabilities are shown as decimal fractions of 
unity so that a 90 per cent mortality appears as o 9 All figures are given to 
the nearest decimal place From the table set out m this way simple addition 



Fig 6 — Photograph on admission of a typical 25 per cent burn of a child 2^2 jears old 

will give the expected number of deaths To use this table for comparative 
purposes, a list of patients treated should be prepared giving age and per 

170 


Volume 130 
Number 2 


MORTALITY IN A BURNS UNIT 


centage bod} area burned Each patient can then be given a probability of 
inoitahty from the table Foi example a j^atient aged 5 3^ears with a 40 per 
cent burn vill be scoied “o 2,” anothei aged 50 with a 25 per cent burn will be 
scored ‘'o 5” and so on thiough the list The total number of deaths expected 
fiom the vhole series is then obtained by addition of all the probabilities This 
total must then be compaied with the numbei of deaths actually experienced 
in the series If tins actual number is less than the expected deaths it suggests 
that bettei results haie been obtained possibl)^ as a consequence of improved 
treatment It is not feasible to apply a conventional criterion of “significance” 
to such a comparison but any maiked impiovement or mferioiity in treat- 
ment of a reasonable number of patients will be demonstrated 

This method vill also show the paiticular type of patient contributing to 
an} disparity For tins puipose, sub-totals, observ^ed and expected, are com- 
pared, for example, for young and old patients, or for medium and large 
burns In this way, it might be possible to demonstiate that another Burns 
Unit while sustaining about the expected numbei of deaths w^hen all patients 
were considered, had substantially bettei results wuth old persons, but less good 
results w itb children Such comparisons should clearly lead to an interchange 
of information w ith mutual advantages 

DISCUSSION 

If the idea of a sigmoid relationship betw een mortality and burn severity is 
accepted then no matter how^ severely burned the patient may be, some prob- 
ability of his survival remains This statement is of great clinical importance, 
and IS preferable to the old idea that a burn of a certain proportion of the 
body surface was necessarily fatal If each burned patient is regarded as 
having a chance of recover} , every effort wull be made to help by means of 
treatment As pointed out in the footnote to Table III, the probabilities showm 
as I o are only approximations indicating a mortality of over o 95, i c , a chance 
of survival of less than i m 20 Such chances cannot be regarded in this 
clinical situation as negligible, and may increase wuth improved methods of 
treatment 

In this study, death or survival has been the only criterion of successful 
tieatment considered This limitation w^as intentional so as to simplify analysis 
and discussion Quantitative indices of disability time or degree of final recov- 
ery wmuld be susceptible to similar studies Mortality also can be subdivided 
in the assessment of results into “early” and “late” deaths in relation to the 
time of being burned In this series, there is little to indicate any marked 
alteration m the relative numbers of early and late deaths, as compared wnth 
pre-w^ar studies It is probably justifiable to conclude that roughly as many 
In^es have been saved by improved resuscitation, especially wuth plasma trans- 
fusion, as by the control of infection 

Enough has been said to indicate the practical applications of this analysis 
to the evaluation of burn treatment The technic should also be applicable to 
othei conditions, though in each case suitable severity criteria must be wmrked 
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out These may take a simple physical form {eg , degree of trauma) clinical 
(raised or lowered blood pressure, basal metabolic rate), biochemical (liver 
function) or other forms based on instrumental findings such as the radiograph 
or electrocardiogram Again mortality need not be used to assess results, since 
many other findings can be transformed on to Probit scales 

Apart from the importance of quantitative assessment in specific condi- 
tions, it is probable that correlation of results expressed in this way for the 
whole human age range would lead to the discovery of an underlying regu- 
larity among the results It is tempting to speculate further on the meaning of 
the changes in Probit lines calculated from the present senes For instance, 
there is a suggestion that the rise in susceptibility from the age of lo years up 
to 70 years, as judged by the fall in L A 30 for instance, follows a course 
similar to that found for the “force of mortality” in studies of vital statistics 
It IS greatly to be hoped that similar studies on large series of burns or other 
conditions will lead to further investigation of this fundamental relationship 
between age and resistance to trauma or disease 

smiMARY 

1 The mortality findings among 794 burned patients treated in hospital 
by a Burns Unit are reported 

2 The importance of the age of the patient and the extent of the body 
surface area burned in determining mortality is demonstrated 

3 The analysis of these findings by the Probit technic is explained, and the 
results of this analysis for separate age groups are given 

4 The results by age-groups are graphically correlated to show the 
expected mortality for any given age and area 

5 A grid table is provided for making a simple comparative assessment of 
the results obtained in other senes 

6 Similar analyses for conditions other than burns are suggested, and the 
likelihood of finding a general “law of ageing” discussed 
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THE SURGERY OF PATENT DUCTUS ARTERIOSUS* 

John C Jones, M D 

Los Akgeles, Caeif 

FROM THE DEPARTMENT OF THORACIC SURGERA CHILDREN S HOSPITAL LOS ANGELES 

Since Gross^^ first successfully ligated a patent ductus arteriosus ten 
years ago, a large series of operations to stop the shunt of Wood fiom the 
aorta to the pulmonary artery have been reported from various clinics and 
much has been learned from them My discussion will be limited to operative 
problems and pitfalls in an attempt to present some rational approach to 
their solution 


INDICATIONS FOR SURGERY 

In formulating an opinion as to the advisability of surgery in a patient 
with an uncomplicated patent ductus arteriosus one must consider the chances 
of the development of complications in the untreated case and the dangers of 
surgical treatment We believe that our experience with 125 patients treated 
surgically justifies our advising operation on all patients with this lesion 
except those older than 25 years of age, and those who have no piogressive 
cardiac hypertrophy or incapacitation by viitue of having had a fistulous 
shunt for so long We believe the optimum age to be three or four years, 
although we have oper-ated on a few who have been younger than two years 
The older the individual, in our experience, the more difficult is the operation 
technically The vessels of young patients are far more elastic and their tissues 
dissect with much greater ease than those of the older group Patent ductus 
arteriosus complicated by subacute bacterial endarteritis should be operated 
on only after prolonged intensive penicillin therapy We do not believe that a 
patient apparently cured of subacute bacterial endarteritis by penicillin should 
be advised not to have surgery One should assume that the damage done by 
infection is not eradicated by penicillin, nor does such an “apparent penicillin 
cure” necessarily prevent a recurrence of subacute bacterial endarteritis The 
fact remains that the presence of a shunt throws a burden on the heart so that 
the majority of these patients develop a cardiac hypertrophy Furthermore, 
dividing and suturing a ductus not only prevents the re-establishinent of the 
shunt, but it also offers greater assurance against recurrence of a subacute 
bacterial endarteritis 

In young individuals there is no way of predicting with certainty which 
one will develop cardiac hypertrophy or subacute bacterial endarteritis and 
so long as the surgical morbidity and mortality rate can be kept very low, we 
believe that it is urgent to treat these patients surgically before they develop 
complications . 

* Submitted for publication, December, 1948 
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DEVELOPMENT OP THE OPERATIVE TECHNIC 

It would be well to review the advances that have been made in the 
technic of the surgery of patent ductus arteriosus in the past ten years In 
Gross’ original communications^’ “ he ligated the ductus “in continuity” with 
No 8 braided silk, the technic which we followed m our first few operations 
In our third case, previously leported,^’^ the patient unfortunately developed 
staphylococcus aureus bacteremia and endarteritis some 30 days after oper- 
ation, and died 48 days postoperatively Autopsy revealed bacterial endarter- 
itis of the ductus arteriosus and adjacent pulmonary artery, a mycotic aneu- 
rysm of the ductus with re-estabhshment of the communication between the 
aorta and the ductus The two ligatures of No 8 braided silk were lying 
partially in the lumen of the communication stream It was obvious that a 
vessel the size of a patent ductus arteriosus would require a non-absorbable 
ligature of heavier caliber in order to insure against cutting through the wall 
of the vessel The observations of Ballance,^ Halsted*^ and Reid"^ established 
that ligatures for large arteries must be of sufficient size in relation to the 
caliber of the vessel to avoid cutting through the wall The ligatures must 
be sufficiently tight to approximate the intimal surfaces and obliterate the 
stream of blood and not tight enough to fracture the intimal or medial coats 
The non-absorbable ligature must not produce enough surrounding fibrosis to 
involve the recurrent laryngeal nerve m the scar We therefore resorted to 
woven silk umbilical tape which seemed to us at the time to be the best 
material with which to ligate a ductus arteriosus “m continuity,” realizing 
that according to Halsted and Reid, no ligation “m continuity” is foolproof 

Gross® m 1940, apparently believing he could be more certain of obliter- 
ating the ductus arteriosus, described his technic of double ligature of braided 
silk and injection of a sclerosing agent in the segment of the ductus between 
the two ligatures Subsequently Gross’^ described a technic of wrapping the 
ductus with a band of cellophane about the injected segment of the vessel 
which lies between the two ligatures m order to combine the effect of the 
ligation and obliteration by chemical irritation This latter method he aban- 
doned after several cases 

Frequent changes in the technic for ligation of the ductus arteriosus among 
various surgeons engaged in this problem is good evidence that they have not 
been satisfied with the operation and its results Ligation “in continuity” of 
a vessel the size of the ductus is fraught with disappointment and sometimes 
disaster The persistence or the reappearance of a continuous murmur indi- 
cating re-establishment of a fistula are embarrassing complications both to the 
surgeon and the cardiologist who recommended the operation The occurrence 
of a false aneurysm and bacterial endarteritis as the result of the ligature cut- 
ting through the wall of the ductus is disastrous and a distinct possibility no 
matter how meticulously the surgeon has carried out the ligation, for there is 
no way of being sure that the wall of the vessel is not fractured by the ligature 
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In 1944 Gross^^ first described a procedure which might eliminate these 
problems by dividing the ductus and suturing the divided ends with fine silk 
Thus was minimized the danger of recurrent fistulas, aneurysms at the site of 
ligation, subacute bacterial endarteritis, recurrent laryngeal neive paralysis 
by the pressure of and reaction about the tape ligatures and other complica- 
tions In his hands this technic has been eminently successful with an extremely 
low mortality rate Later Gross^^ reported that he had four surgical deaths 
in 180 individuals treated by the complete division of the patent ductus arteri- 
osus, none of which were directly attributable to the division of the patent 
ductus itself In a recent communication Doctor Gross told me he has divided 
267 ducti with five deaths, none of which were attributable to the division 
technic Since division had not carried a higher operative risk than ligation 
“in continuity,” and since the results were far better, he reported that he had 
entirely abandoned the procedure of ligation “in continuity ” 

Blalock, having divided several ducti, decided the technic was too haz- 
ardous from the standpoint of a possible hemorrhage and he returned to the 
procedure of ligation, describing a technic of his own He tied two purse 
string sutures of medium silk as close as possible to the aorta and the pul- 
monary artery, then two mattress sutures were placed between these purse 
string ligatures Next, an umbilical tape ligature was tied either between or 
over these last two centrally placed ligatures He reported his belief that the 
results have been as good as with the division technic and that the hazards of 
hemorrhage are eliminated 

Crafoord^® described a technic which he developed by accident as the 
result of a hemorrhage from a tear in the ductus during its dissection He 
placed clamps across the aorta, one above and one below the ductus, and a 
third on the ductus itself as close as possible to the side of the pulmonary 
artery , then he divided the ductus at the wall of the aorta In this fashion he 
was able to suture the opening in the wall of the aorta and the cuff of ductus 
distal to the single ductus clamp and accomplish the division of the ductus 
without the danger of uncontrollable hemorrhage He has now employed this 
technic in a large series of cases with no deaths attributable to the division of 
the ductus In none has there been spinal cord complications as the result of 
the clamping of the aorta 

Early in 1947 Conklin^'^ suggested to me the possibility of using a Potts 
aortic clamp on the aortic side of the ductus and a Cnle clamp or a similar 
clamp on the pulmonary end of the ductus, then dividing the ductus between 
the two clamps The Potts aortic clamp allows a normal flow of blood through 
the lumen of the aorta This method certainly eliminates some of the hazards 
of hemorrhage from slipping of the clamp although in our experience we have 
never had the clamp slip off the ductus during or after the division of the 
ductus arteriosus It seemed to us however that the technic of controlling 
the aortic end of the ductus with a Potts aortic clamp would be particiilarh 
useful in an extremely short, wide ductus and in older patients whose vessels 
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have not the elasticity that we find in children’s vessels In individuals with 
sclerosis of the aoita at its junction with the patent ductus arteriosus there is 
always a potential hazaid of a tear at this point either during the dissection 
of the ductus or aftei the clamps are applied to divide the vessel In view of 
this fact we first mobilize the aorta freely at the site of the ductus and then 
apply the Potts aortic clamp before completely dissecting the ductus, lest the 
latter be torn Thus we eliminate the dangers of a hemorrhage during dissec- 
tion of the ductus, often necessitating hasty clamping of the aorta and possible 
injury of the recurrent laryngeal nerve Then, after a sufficient length of the 
ductus IS dissected, we apply the Cnle clamp or the new Potts ductus clamp, 
divide the vessels between the clamps and suture the open cuffs distal to 
the clamps 

Recently Potts^'’ has devised an ingenious ductus clamp with fine toothlike 
serrations that will neither injure nor slip off the vessel after its division 
The side of the clamp is grooved so that it may be applied on the side wall of 
the pulmonary artery and aorta, affording greater length of the vessel between 
the clamps and a longer cuff distal to the clamps for a most satisfactory suture 
line The use of two Potts ductus clamps for division and suture of the 
ductus has the advantage that the clamps cannot crush tissue and, if the ductus 
IS properly dissected before their application, the clamps will not slip or 
slide off 

COMPLICATIONS 

The serious complications that may result from operations on a patent 
ductus arteriosus should be considered before presenting methods of dealing 
with operative problems In our previous communications^’ we re- 

viewed all of the complications in the first lOO patients operated on for patency 
of the ductus arteriosus Only the significant and important complications 
will be discussed 

Subacute bacteiial endai teiihs has occurred twice in our present series of 
125 cases which have been operated upon The third patient in the series, 
who was operated upon m 1939, developed a staphylococcus aureus bacteremia 
after discharge from the hospital and died 48 days after ligation of the ductus 
The source of the infection was never determined but a mycotic aneurysm at 
the site of the ligation and endarteritis of the pulmonary artery were the 
cause of death We were of the opinion that the method of ligation was 
actually to blame for this complication, but we believed that the blood stream 
infection probably developed after the fistula had become re-established How- 
ever, a few months ago, since our last publications,^®’ a 22-month-oId child 
with a large heart and a patent ductus arteriosus was operated upon most 
uneventfully by division and suture technic A few days later she became 
febrile, a mediastinal mass was diagnosed as a hematoma and several positive 
blood cultures of staphylococcus aureus were obtained The patient expired 
from hemorrhage a few days following mediastmotomy for removal of the 
blood clot Sulphonamides, penicillin and streptomycin did not influence the 
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downhill course Autopsy revealed a subacute bacterial endarteritis in the pul- 
monary aitery, a leak at the site of the pulmonary arteiy suture and micro- 
scopic pulmonary abscesses, but no fistula could be found The source of 
infection was never established Eitbei the patient already had a latent blood 
stream infection at the time of operation oi the aiteiial sutures weie contam- 
inated No gross pus was found at autopsy and the pulmonary abscesses were 
all microscopic It seems paradoxical that subacute bacteiial endarteritis 
should occur following an operatioh that is designed to prevent just such a 
complication, and that it may occur whether the ductus is ligated or divided 
We do not believe, however, that a 2 pei cent chance of this complication is an 
aigument against operation 

A fistula between the aorta and a bronchus with laige hemoptyses occuried 
twice, both th^ result of erosion of knots of umbilical tape into the aorta on 
the one side and the lung on the other One child was explored, both knots 
lemoved, the openings m the aorta and bionchus sutured and she made a 
complete recoveiy and is well five )’^ears later The other patient, a 42 -year-old 
housewife, still has occasional small hemoptyses though she has gone as long 
as two and one-half years free of symptoms referable to this complication The 
use of heavy non-absorbable hgatuie without closure of the mediastinal pleuia 
over the site of the ductus ligation makes this complication a distinct possibility 

Henwi )hage from a tear in the ductus has occuired four times and always 
during the dissection of the ductus itself In the first patient the tear was 
small and was easily controlled by the ligatures The second patient had a 
larger tear lequiring the application of clamps and division of the ductus 
After suturing the two ends of the ductus and having removed the clamps, 
cardiac arrest complicated the problem and w^e were unable to resuscitate the 
heart At autopsy this patient had sclerosis of the ductus and active rheumatic 
heart disease This year, since our last repoit,^'^ we have torn the ductus at 
its sclerotic junction with the aorta in two husky 13- and 14-yeai-oId boys 
The tears were moderate in size but the hemoi rhage was insignificant because, 
with finger compression during the application of clamps to the aorta and 
pulmonary artery, hemostasis was almost complete Having clamps on the 
aorta above and below the ductus and a thii d clamp on the pulmonary artery 
end of the ductus, the latter was divided and sutuied without further loss 
of blood Fiom both patients we lemoved tissue at the site of the tear for 
microscopic study and in each instance sclerosis and vegetations were leported 
bv the pathologist in spite of the fact that w^e had no history of the patient 
having had subacute bacterial endarteritis and the patients were entirely 
afebrile preoperatively so far as we could deteimine Several postoperative 
blood cultures were negative and they have subsequently had no complications 
referable to the ductus itself One of the patients made an uneventful conva- 
lescence but the other had a paiaplegia immediately folloiMng the operation 
and while he has shown considerable improvement, the obvious residual that 
he has at present indicates that even a fair recovery is improbable The aorta 
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had been occluded for approximate!}^ 35 minutes, too long a period The 
judicious employment of Potts aoitic clamp after the hemorrhage had been 
brought under control would doubtless have avoided this complication of 
anoxia of the spinal cord 

Since all foui hemorrhages occuired duiing the dissection of the ductus, 
the hemoirhages were not due to the method of obliteration of the fistula 
(if, division of the ductus), for indeed, 111 three patients, it was necessary to 
divide the ductus in oider to close the shunt after the clamps weie applied 
to control the hemorrhage We have concluded that before any dissection of 
the ductus itself is undertaken the aorta above and below the ductus should be 
freely mobilized, so that in the event of a tear of the ductus dining its dissec- 
tion, finger compression at the leak and the application of the Potts aortic 
clamps will readily allow further dissection of the ductus, as well as appli- 
cation of a Potts ductus clamp on the pulmonary artery end of the ductus and 
the division of the vessel for suture The use of the Potts aortic clamp, which 
allows a normal stream of blood to course through the vessel, reassures the 
surgeon that he need not hurry the remaining dissection or sacrifice meticulous 
technic We had been influenced by Crafoord’s^^ perfect record in his large 
series of cases where he doubly clamped the aorta during the course of his 
usual operation for the division of the ductus arteriosus In retrospect it 
would have been both judicious and easy to have applied the Potts clamp after 
controlling the aorta bleeding with Crafoord clamps above and below the 
ductus 

One other death, the fourth in 125 patients, occurred recently A two- 
year-old boy, who had an uncomplicated division of the ductus, developed an 
acute bronchitis with very thick mucopurulent secretions and died of anoxia 
24 hours after operation Shortly before death the larynx was visualized with 
a laryngoscope and had a normal appearance, and no secretions were seen in 
the upper trachea Autopsy revealed the bronchii to be full of tenacious 
mucopus, the operative field to be without pathological findings and a normal 
heart He had had penicillin for 48 hours before surgery and up until 
his death 

Approximately 25 per cent of the patients developed pleural effusions large 
enough to warrant needle aspiration Two patients had postoperative empyema 
which were cured by rib resection and drainage There were no wound infec- 
tions in the entire series Five patients had a transient pulmonary atelectasis 

Recurrent laryngeal nerve paralysis may occur as the result of operative 
injury to the nerve or as the result of reaction and scar tissue about the liga- 
tures in close proximity to the nerve We had three recurrent laryngeal nerve 
paralyses following the ligations which we believed were due either to trauma 
or to irritation from the knot One of these patients has recovered entirel}'^ 
The other two have permanent recurrent laryngeal nerve paralysis 

In the 58 ligations “m continuity” there were five patients (8 6 per cent) 
in whom a continuous murmur was noted within the first few days after 
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Fig I (A and B) — The exposure is obtained through a 
posterolateral incision and resection of the left fourth rib Rib 
spreaders are applied and the mediastinal pleura opened widely 
for adequate exposure and a thorough anatomical dissection of 
the mediastinal structures 



Fig 2 (A) — The aorta is mobilized both proximal and distal to the 
ductus arteriosus before dissection of the latter is attempted 

(B) Tapes or small Penrose drains are passed around the aorta above 
and below the ductus and with gentle traction on these, the ductus is care- 
fully dissected to gam its full length for the division technic Hemorrhage, 
if encountered, is easily controlled when these precautionary steps are 
emploj ed 
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operation, and this we attributed to failure to tie the ligatures tightly enough to 
occlude completely the lumen of the ductus Five others (8 6 per cent) were 
discharged from the hospital without a continuous murmur but returned in 
five or SIX weeks for examination and were found to have a recurrence of the 
continuous murmui and some even had a palpable thrill Nine of these ten 
patients are alive, m seven of them we believe the murmur has decreased m 
its intensity and is not as loud as before operation and their pulse pressures 
are lo^^el than before operation 
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Fig 3 (A) — Four clamps are applied across the ductus 
arteriosus and the latter is divided with the scalpel after the 
method of Gross The vagus and recurrent laryngeal nerves 
are allowed to retract medially or laterally, whichever way they 
incline after the dissection Usually these nerves incline medially 
or anteriorly as seen in Fig 4 

(B) The two inner clamps are removed for the suturing of 
the distal cuffs of the vessel The division between two Potts 
ductus clamps is carried out if the ductus 'is short for four 
clamps 

(C) The cuffs of the ductus are sutured with a running 5-0 
silk on an atraumatic needle as previously described by Gross 


HESimTS 

Of the 125 patients operated upon (58 ligations and 67 divisions) 121 are 
alive One hundred and nineteen patients are well One patient has a partial 
paraplegia and one patient (ligation), a diabetic with a persistent fistula, has 
a low physical reserve, although she has never been decompensated Eight 
other patients, all ligations “in continuity” have residual murmurs but are well 
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and in seven of these their murmurs are not as loud or as marked as they weie 
before operation Four patients have a persistent recurrent laryngeal nerve 
paralysis, though the character of voice has improved ivith time There were 
four deaths due to (i) subacute bacterial endarteritis and aneurysm after 
ligation, (2) cardiac arrest following hemorrhage at operation, (3) sub- 
acute bacterial endarteritis after division of the ductus and, (4) acute purulent 
bronchitis 24 hours after operation 

DISCUSSION 

After reviewing the complications and results of 58 ligations and 67 
divisions of patent ductus arteriosus one ma)' evaluate the advantages and 
disadvantages of the various procedures that have been advocated for the 
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Fig 4 — In the presence of a very short and wide ductus one may be 
forced to apply the Potts aorta clamp and either a single Crile or Potts 
ductus clamp in order to carry out the division of the ductus ivith safety 
Note the vagus and recurrent laryngeal nerves must be retracted medially 
The divided ends of the ductus are closed with a single running stitch of 
5-0 silk on a swaged needle 


eradication of the shunt from the aorta to the pulmonaiy artery While no one 
technic may be said to be “the universally ideal operation” certain phases of 
this surgical problem are worthy of consideration at this time 

I The Smgical Approach and Evposuie After we had ligated 41 ducti 
through the anterolateral appioach we turned to the posterolateral exposure 
resecting the fourth nb, and the latter has been so satisfactory that we have 
never returned to our former approach (Figs lA and iB) The exposure is 
better, there is more room in which to work, and if hemorrhage should ensue, 
it can be controlled more easily because of the increased exposure and accessi 
bility of the aorta 
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2 The MohihzaUon of the Ao)ta The mediastinal pleura over the lower 
subclavian and the aoita should be incised and reflected widely to expose the 
aorta n ell above and below the left arch The highest intercostal vein should 
be doubly ligated and divided Then the aorta can be fieely mobilized mesial 
to and above the ongin of the subclavian 'aitery and from well below the ductus 
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Fig 5 (A) — ^The suture lines m the pulmonary artery and 
aorta usually fall about 2 ems apart but m the event they are 
close together an absorbable sponge is interposed to keep them 
from rubbing one another Interrupted fine sutures are used to 
approximate the mediastinal pleura 

(B) The ribs are approximated with interrupted sutures 
while a catheter is left m the pleural space for aspiration ot the 
residual air Positive pressure anesthesia is employed during 
the chest wall closure 

(C, D and E) The soft tissues are closed in layers and 
after the skin edges are approximated the pleural catheter is 
aspirated as it is withdrawn No pleural drainage is employed 

arteriosus to the upper intercostal arteries (Figs lA and 2B) Tapes 01 small 
Penrose drains are then passed about the aorta below and above the ductus 
and with these in place the dissection of the ductus may be undertaken with 
safety If a tear m the ductus should occur, hemostasis can be obtained at 
once either with the tapes or by finger compression and the application of the 
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Potts aortic clamp One can usually identify the bronchial artery during the 
dissection of the aorta and rarely is it necessary to sacrifice it 

3 The Ducftis In the event that, after the ductus is thoroughly dissected 
out, it appears that the ductus is too short to place four clamps across it as 
described by Gross (Figs 3 A, 3B and 3C), the surgeon has the option of 
either applying two Potts ductus clamps high up on the walls of the pulmonary 
artery and aorta (Fig 3B), or placing the Potts aortic forceps at the ductus 
and then another forceps on the pulmonary artery end of the ductus (Fig 4) 
and dividing between the two clamps If the ductus is dissected properly the 
surgeon should be able to divide even the shortest ductus he may encounter and 
using these precautions he should have no difficulties in the operation 

It would appear that advising the “occasional” operator m this field that 
he limit his surgery to ligation “in continuity” is not telling him the whole 
story, for the most likely difficulty he will encounter is hemorrhage during the 
dissection of the ductus or while he is attempting to pass the ligatures about 
the ductus Whether the surgeon decides to ligate or to divide the ductus, we 
^would urge him to mobilize the aorta widely before attempting the ductus 
dissection itself, for then he is master of the situation regardless of hemorrhage 
The surgeon will soon be convinced that many more ducti are easily divisible 
after he has followed a safe course of thorough anatomical dissection 

SUMMARY 

1 Indications for the surgical treatment of patent ductus arteriosus are 
stated 

2 A brief review of the development of the operative technic for the inter- 
ruption of the shunt of blood from the aorta to the pulmonary artery is 
presented 

3 The postoperative complications and the end results of 125 operations 
(58 ligations and 67 divisions) for patent ductus arteriosus are reported 

4 The rationale of the operative technic we employ in the division of the 
ductus is given, based upon our own experiences and those of other surgeons 

5 Various technics are discussed since the author is of the opinion that at 
present there is not a “single, universally ideal technic” for the division of a 
patent ductus arteriosus 

6 The importance of adequate exposure and thorough anatomical dissec- 
tion of the aorta and patent ductus arteriosus is emphasized 
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Diverticulitis or the colon with its complications presents some of the 
most difficult surgical problems encountered within the abdomen Of these 
complications, fistulae between the sigmoid colon and the urinary bladder are 
the most perplexing As has been shown lepeatedly, diverticulitis is among 
the commonest causes of these fistulae While a great deal of work and 
writing have been done on the subject, there remains much to be learned about 
the management of diverticulitis and its complications The problem presents 
many controversial points 

The present study consisted of a clinical and pathologic investigation of a 
number of cases of sigmoidal diverticulitis complicated by the occurrence of 
sigmoidovesical fistulae The more important aspects of the subject have 
been reviewed and elaborated upon 

HISTORY 

In 1859, Sidney Jones^ gave the first accurate report of the necropsy ^ 
findings m a case of vesicocolonic fistula resulting from diverticulitis Cripps" 
in 1888 found that inflammatory lesions more frequently caused sigmoido- 
vesical fistulae than did malignant lesions Likewise, Heine® in 1904 and 
MoynihaiA m 1907 realized the importance of diverticulitis as an etiologic 
factor in these fistulae In 1907, the work of Mayo, Wilson and Giffin® stim- 
ulated much interest in diverticulitis In two of the early cases reported by 
them the diverticulitis was complicated by the occurrence of sigmoidovesical 
fistulae In 1917J Telling and Gruner® made a very extensive study of diver- 
ticulosis and diverticulitis and observed that in 198 per cent of the cases 
reviewed by them, some type of fistula was present 

In 1921, Sutton'^ concluded from his work that inflammatory disease of the 
uterine adnexa was the most common cause of sigmoidovesical fistulae and that 
diverticulitis was the second most common cause Excellent leports on the 
subject were given in 1936 by Higgins® and in 1938 by Kellogg'’ In I 940 ' 
Mayo^® discussed the surgical treatment of sigmoidovesical fistulae in 54 cases 
Diverticulitis was the cause in 32, or 59 per cent He said that a cohc stoma 

* Abridgment of part of thesis submitted by Doctor Mayfield to the Facultj of the 
Graduate School of the Unnersity of Minnesota m partial fulfillment of the requirements 
for the degree of Master of Science in Surgery Submitted for publication, January, i949 
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placed pioximal to the fistula should precede any suigical attack upon the 
fistula This opinion was held by Jones^^ in 1936, Dixon^- in 1939, Pemberton^'^ 
in 1945 and others However, Babcock^^ in 1941 expressed the belief that 
resection should be done 111 cases of diverticulitis before the development of 
fistulae or other complications Even m the piesence of a fistula, he, and 
frequently Bacon, did a segmental resection and primary anastomosis with- 
out colostomy 


MATERIALS AND METHODS 

Thirty-two cases of diverticulitis of the sigmoid colon associated with 
fistulae of the bladdei , m which a segment of colon had been removed surgically 
at the Mayo Clinic, weie used for this study The clinical record m each case 
was caiefully reviewed and abstracted on a specially prepaied card The 
surgically removed tissues which had been fixed and preserved in formalin 
solution weie examined grossl}^ and loughly sketched Each specimen was 
sectioned, and blocks of tissue were lemoved from selected parts for micio- 
scopic stud}^ The blocks of tissue were fixed in paraffin and cut, and the 
sections weie mounted on slides and stained with hematoxylin and eosin The 
sections were studied microscopically, and the changes in the various layers of 
the bowel wall were observed and lecorded 

Originally, the clinical recoids of 40 cases were abstracted, but subse- 
quently the cases in which only colostomy 01 lepair of the fistula had been 
done and no tissue was available for study were excluded Of the cases in 
which surgically removed tissue was available for study, 32 were used Conse- 
quently, this was not a study of 32 consecutive cases of diverticulitis associated 
with sigmoidovesical fistulae 

The original plan was to study more m detail the fistulous tiacts, but in 
most specimens no tract could be identified Therefore, in most instances the 
excised segment of bowel was all that was available for study According to 
the surgical note, a segment of bladder was excised in some cases, but in none 
of the preserved specimens could any bladder mucosa be identified definitely 

PATHOLOGIC FEATURES 

In addition to a sigmoidovesical fistula, four patients had other types of 
fistulae One had an enteiocolic fistula, another had a sigmoidovesicouterocu- 
taneous fistula and two had sigmoidocutaneous fistulae 

The longest segment of colon excised measured 25 cm and the shortest, 
7 cm The average was 12 4 cm The lumen of the excised segment of bowel 
had been opened previously in each case 

Gi OSS Appeal once — It does not seem necessaiy nor woith while to describe 
each specimen sepaiately In the average specimen, the involved segment of 
bowel was rigid and thick, vith the most markedly involved parts measuring 
20 mm or more in thickness, while others were only slightly thicker than the 
normal of 7 or 8 mm On the mucosal surface could be seen the diverticular 
openings, which were multiple in all cases and numei ous in most The mucosa 
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was thrown into unusually deep folds owing to the conti acted underlying 
bowel wall to which it was fixed Otheiwise, the mucosa was intact in all 
cases except where perfoiation had occurred In most instances only one 
perforation could be identified, while in some, multiple perforations were 
present In two thirds of the cases, perforation was found (Fig lo) 

On the cut surface, the diverticula could be seen penetrating the musculans 
or entire bowel wall They by no means always followed a direct course 
through the wall, but commonly took a tortuous route or penetrated at 
various angles 

The submucosa, musculans and serosa weie involved in varying degrees 
in a chronic pi ohferative inflammatory piocess and were, m general, greatly 
thickened In some instances, the various layers of the bowel wall could be 
identified while in otheis, all the submucosal structures were a mass of scar 
tissue The serosal fat was indurated and fibiotic In some instances, the 
diveiticulai sacs could be seen on the serosal surface while m others they were 
obscured by the overlying fat 

Areas of abscess formation and necrosis were identified in a third of the 
cases A definite fistulous tract could be found m only one case 

MiaoscopK Featmes — Mucosal ulceiation was observed m three-fourths 
of the cases This always occurred within a diverticulum, except where the 
necrotic process extended foi a short distance around the offending diverticu- 
lum Where ulceration was piesent the mucosa was leplaced with very 
inflammator}'- granulation tissue 

The submucosa, musculans and serosa were all involved m a chronic 
proliferative inflammatoiy process which, in many instances, resulted m 
replacement of the various coats with dense fibrous connective tissue and 
gianulation tissue, noth varying degrees of lymphocytic and plasma cell infiltra- 
tion (Fig ih) A few polymoi phonuclear leukocytes weie present Heinoi- 
hage was outstanding in some places Edema was infrequently present The 
mucosa overlying the site of such a process was at times intact, the origin of 
the infection being in a diverticulum which arose some distance away and 
dissected its way down between and through the layers of the bowel wall 
H3Minization of muscle was piesent in about half of the cases 

Abscesses were identified in about so per cent of the cases (Fig if) Most 
commonly they involved the musculans and serosa In none of the cases could 
mucosal abscesses be seen 

Laige multinucleated giant cells of the foreign body type -were present m 
half of the cases In a few instances, a foreign body granulomatous type of 
reaction was seen In a third of the cases, foieign material, which was thought 
to be contents of the bowel that had entered the bowel wall through the 
ulcerated areas, was seen Fat necrosis was prominent in a few instances 
Hypertrophy of the nmentenc plexus was present in about a third of the 
cases (Fig id) Generally it was moie frequent in those cases in which the 
proliferative and inflammatory process was most pronounced 

188 




Fig I (a ) — Perforative diverticulitis of the sigmoid (b ) — Perforat 
of the sigmoid (hematoxylin and eosm x2o) (c ) — Abscess between the ; 
culans m diverticulitis of the sigmoid (hematoxylin and eosm x4 7 ( 

diverticulitis of the sigmoid with hypertrophy of the myenteric plexus (1 
eosm X44) 


rather heavily by lymphocytes and plasma cells, especially m th 
spaces Outside the layer of granulation tissue, the tracts were 
dense fibrous connective tissue, with varying degrees of mflamm! 
Giant cells and small abscesses were observed within the walls 
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The vascular pattern generally conformed to that described by Lichtman and 
McDonald^® m 1944 

An effort was made to compare the gross and microscopic findings in 
those cases in which a colostomy pieceded lesection with those cases in which 
no preliminary colostomy was done This cannot be expressed well by figures 
and percentages, but in general, it can be said that the changes were less 
pionounced if a colostomy had been done six 01 more months prior to resec- 
tion However, in some cases in which colostomy had been done for 12 months 
or more, perfoiations, abscesses and necrosis were still present 

CLINICAL, FEATURES 

5 '^! and Age — Of the 32 patients who had sigmoidovesical fistulae, 28, or 
875 per cent, were males Only foui, or 12 5 per cent, were females The 
youngest patient was 27 yeais old and the oldest 76 The average age was 
54 yeais 

Symptoms — Eighteen, or 56 3 per cent, of the patients in this gioup com- 
plained chiefly of symptoms due to disease of the urinary tract Seven, or 
21 9 per cent, had no symptoms referable to the bowel, while in nine, or 28 i 
per cent, the symptoms referable to the bowel were most troublesome Symp- 
toms referable to the urinary tract and those referable to the intestinal tract 
were equally distressing to five, or 15 6 per cent Of the abdominal symptoms, 
pain was the most common, being present in about three-fourths of the cases 
Usually it was located in the lower midpart or the left side of the abdomen 
Either the bladder or colon could have been responsible for the pain Consti- 
pation was a complaint of a third of the patients In some the constipation 
was due to diverticulitis, while in a few others who had been constipated for 
many years, diverticulitis may not have been the cause About as many com- 
plained of diarrhea Two patients presented clinical evidence of partial obstruc- 
tion of the bowel but in none was there complete obstruction The passage of 
urine by rectum was an uncommon complaint 

A diagnosis of diverticulitis had been made at the clinic or elsewhere pre- 
viously m ten cases The diagnosis was made, on the average, three years 
before the patients presented themselves at the clinic with fistulae, at which 
time they had had symptoms referable to the bowel for an average of 4 6 years 
Pneumaturia was the most common and, as a diagnostic aid, the most 
important symptom referable to the urinary tract This was a complaint of 
30 of the 32 patients The other tvm patients had not, to their knowledge, 
passed gas in the urine, but one had passed banum in the urine after a 
roentgenologic examination of the colon uith the aid of barium The other 
patient was found to have a sigmoidovesical fistula when the excised segment 
of the colon with an attached portion of the bladder was examined by the 
pathologist at the time of operation Seventeen passed feces in the urine 
Frequency of urination and dysuria were common s3'^mptoms Gross hematuria 
was present in only a fifth of the cases Eighteen patients had chills or fever 
or both 
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At the time these patients came to the clinic because of their fistulae, they 
had had symptoms of disease of the urinary tract for an average of i6 6 
months, and they had had then fistulae for an average of 12 9 months It was 
consideied that the onset of pneumaturia indicated the time of establishment 
of the communication between the bowel and bladder In one instance, the 
unnar}^ tract symptoms and fistula had been present for eight years The 
shortest duration of symptoms referable to the urinary tract was two days, and 
this patient’s fistula developed after he came to the clinic 

Pievwtis Singical Treatment — ^Twenty-five patients had not had any 
surgical treatment for diverticulitis before coming to the clinic , seven had been 
operated upon previously elsewhere Three patients had had sigmoidovesical 
fistulae previously Of these, two had had colostomy, repair of the fistula and 
subsequent closure of the colic stoma The third had had a segmental resec- 
tion of the colon One patient came to the clinic with a cecal stoma which had 
been made a year earlier Two others had had an intra-abdominal suppurative 


Table I — Fwdiugs on Proctosigmoidoscopic 

Eraminafion in 

28 Cases 



Cases 

Findings 

Number Per Cent 

Diverticula seen 

5 

17 9 

Decreased bowel lumen 

8 

28 6 

Presence of sacculations 

9 

32 1 

Decreased mobility of sigmoid 

15 

S3 6 

Negative 

4 

14 3 


process, with surgical drainage In one case, a segmental resection of the 
bowel had been done three and a half years previously for a sigmoidocutaneous 
fistula due to diverticulitis 

Physical Examination — Physical examination revealed the presence of a 
mass which could be palpated through the abdominal wall m nine cases, by 
rectal examination in five and by bimanual pelvic examination in one 

Proctosigmoidoscopic examination was done preoperatively in 28 cases 
(Table I) 

Cystoscopic examination was done preoperatively m 25 cases In 12 cases, 
the fistulous opening into the bladder was seen, and m 12 others the examiner 
saw areas in which there were evidence of cystitis, dimpling and projections 
of granulation tissue, which are findings compatible with the presence of a 
sigmoidovesical fistula In one case, a healed fistulous opening was seen In 
all 25 cases, immediately after the communication became established there 
was evidence of acute diffuse cystitis, but later the changes were fairly well 
localized to the region of the fistulous opening In some instances, the capacity 
of the bladder was decreased owing to the presence of scar tissue and con- 
tracture of the bladder The bladder was perforated in various places, but the 
posterior wall to the left of the midhne was most fiequently involved 
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A preoperative roentgenologic examination of the colon was made in 
29 cases (Table II) 

The urine was examined m all cases and some degree of p5mria was 
present m 31 In one case the urine was normal There was microscopic 
hematuria m 18 Of 13 cases m which the urine was cultured, Eschoiclm coli 
was found mil and Shigella m one . m one case the culture gave negative 
results 

Treatment Employed — Some type of resection of the colon was done at 
the clinic at some time m each of the 32 cases, but only 30 of the patients had a 
resection at the time a sigmoidovesical fistula was present One patient, whose 
fistula remained closed after colostomy and subsequent closure of the colic 
stoma, had a recurrence of diverticulitis and was treated by segmental resec- 
tion of the colon three years later In the other patient who had only a repair 
of his sigmoidovesical fistula, a sigmoidocutaneous fistula developed, for which 
a resection was done later 


Table II — Findings on Roentgenologic Examination of the Colon in 29 Cases of 

Sigmoidovesical Fistula 

Cases 


Findings Number Percent 

Diverticulosis of the sigmoid 6 20 7 

Diverticulitis of the sigmoid 18 62 1 

Constricting inflammatory lesion of the sigmoid 3 10 3 

Obstructing lesion of sigmoid probably carcinoma 1 3 4 

Fistulous tract visualized 12 41 4 


In 17 instances, or 53 i per cent of the cases, an extrapentoneal type of 
resection was done In eight of these 17 cases a preliminary colostomy was 
performed In 12 instances, or 37 5 per cent of the cases, a segmental resec- 
tion and primary end-to-end anastomosis was done A preliminary colostomy 
was done m nine of these 12 cases One patient came to the clinic with a cohc 
stoma which had been established elsewhere In this case an ileosigmoidostomy 
and subtotal colectomy were performed In six instances, a suprapubic 
cystostomy was done at the time of resection In the other cases, a catheter 
was left m the urethra 

In 19, or 59 4 per cent of the cases colostomy was done preliminary to 
segmental resection of the colon or repair of the fistula The colostomy was 
performed one to 60 months before the secondary procedure, that is, before 
resection or repair of the fistula, was done The average time interval elapsing 
between the two procedures was 15 2 months In the cases in which both 
primary and secondary procedures were done at the clinic, the average time 
interval between the two was 7 5 months 

The continuity of the colon was completely re-established in all except 
three cases In one of these, the stoma was said to be 80 per cent closed v ben 
last seen 
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Results of Tieatment — There were three postoperative deaths, giving a 
moitahty late of 93 per cent In one instance 111 which an exti aperitoneal 
lesection was done ten months after colostomy, the patient died of peritonitis 
on the fourth postopeiative day The second death, due to peritonitis and 
pneumonia, occuiied eight days after exti aperitoneal resection The third 
death resulted from gas gangrene after resection and primary end-to-end 
anastomosis This patient had a cecal stoma wliich had been made ten months 
previously elsev here 

Of the 29 surviving patients, 28 were cured of their sigmoidovesical 
fistulae One patient was said to have a recurrence of the disturbance of the 
bladder some years later, but information as to whether or not he had a fistula 
IS not available 

Five patients had persistent pyuiia, due probably to residual cystitis It was 
not thought that they had any infection of the upper part of the urinary tract 
Two patients had postoperative sigmoidocutaneous fistulae, one of these 
fistulae followed simple lepair of the fistula of the bladder, but later it was 
cured after segmental resection of the colon Two patients are known to have 
had a lecurrence of diverticulitis One committed suicide, and the second, 
whose fistula of the bladder closed spontaneously after establishment of a 
colic stoma which was also closed after 20 months, remained well after a seg- 
mental resection of the colon was done three years later 

COMMENT 

Diverticula of the colon occur most commonly m people above 40 years of 
age Males aie affected more often than females, the ratio being about 3 2 
The pelvic colon is most often the site of involvement, and by far the majority 
of complications resulting fiom diverticula occur m the sigmoid. It is not the 
purpose of this paper to discuss the conti oversial points regarding the etiology 
of diverticula It is the opinion of most authorities that their formation is the 
result of several factors, the most impoitant of which is increased intraluminal 
pressure plus weakness m the musculature of the bowel wall produced by the 
penetration of the wall by blood vessels and possibly fat 

The wall of a diveiticulum is composed of atrophic mucosa, submucosa 
and serosa Not infrequently, a thin layer of muscle is present, especially near 
the proximal end of the sac 

Fecal concretions, which are contained within these sacs, cause mucosal 
erosion and irritation, permitting bacterial invasion of the wall of the sac The 
mflammator)'' piocess initiated by the invading bacteria and toxins occludes 
the mouth of the diverticulum and produces necrosis and extension of the 
process into the adjacent bowel w^all The severity of the inflammation depends 
upon the virulence of the oiganism and resistance of the patient 

If the piocess spreads rapidly, there is necrosis of the diverticulum and 
bow^el wall, perforation and abscess formation The abscess may attach itself 
to the abdominal w^all, bladder 01 other viscus and erode through the w^all of 
the VISCUS producing a fistula 
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More commonly, the process spreads more slowly The wall of the bowel 
and the mesentery then become involved in a chronic proliferative exti amiicosal 
inflammatory process, which Wilson® in 1907 called “pendiveiticulitis ” This 
IS the most important pathologic condition lesultmg from diverticula The 
involved loops of bowel become attached to the abdominal wall or viscera, and 
abscesses form within the inflammatory mass from time to time and drain 
through the path of least resistance Frequently, this path of drainage is into 
the colon, but not infrequently it is into the bladder or small bowel, or through 
the abdominal wall This seemed to be the mechanism at work m practically 
all the cases in this piesent stud)'^ 

Since this study is not based on a group of consecutive cases of diverticu- 
litis of the sigmoid associated with sigmoidovesical flstula, one cannot, from it, 
determine the incidence of the disease It has been shown that 5 to 10 per 
cent of people who undergo roentgenologic examination of the colon have 
diverticulosis According to Brown and Marcley,^® 12 to 17 per cent of those 
with diverticula have diverticulitis From his review of the literature, Arnheinfl" 
concluded that approximately 8 per cent of those with divei ticulitis have a 
sigmoidovesical flstula Lett and co- workers^® and Edwards^® detei mined that 
in 10 per cent of patients with diverticulitis have S3anptoms of disease of the 
urinary tract According to Brown,^® 15 per cent of patients who have surgical 
treatment for diverticulitis have a sigmoidovesical fistula 

SuttoM found that pelvic inflammatory disease was the most common cause 
of sigmoidovesical fistula and that diverticulitis was the second most common 
cause In his group, 176 per cent of the fistulae were due to diverticulitis 
Bryan,-^ David,^- Gaffney,^® and Higgins® expressed the belief that diverticu- 
litis IS the most common cause of sigmoidovesical fistula 

Women much less commonly have sigmoidovesical fistulae than do men, 
not only because diverticula are more common in men, but also because the 
uterus and adnexa are situated between the sigmoid and the bladder in most 
instances There were only four females m this group, one of whom had 
undergone hysterectomy several years befoie a fistula developed and the 
second of whom had undergone salpmgo-oophorectomy previously The other 
two had had no previous pelvic operation 

It is interesting that with many of these patients the cardinal symptoms 
were those of disease of the urinary tract, while their intestinal s3unptoms 
\\ere minimal or, indeed, frequent^ absent Of the present group, 21 9 per cent 
had no S3anptoms referable to the bowel The development of a signioido- 
vesical fistula ma3^ at times, be lifesaving By it abscesses are drained and 
obstiuction of the bowel ma3^ be at least partially relieved Thus it is not 
strange that the establishment of a fistula would lessen the severity of the 
S3anptoms referable to the bowel 

Obstruction of the hovel seemed to be an important factor in onl3^ tvo of 
these cases, but had man3’^ of these patients been seen during the acute episode 
of abscess formation and perforation obstruction might have been a more 
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prominent feature However, Mayo^^ observed that obstruction was usually 
not present in perforative diverticulitis 

The oiigin of intestinal bleeding is difficult to determine, and no attempt 
was made to determine its frequency m the present study Some of the 
patients had seen blood m their stools, but in many instances the blood came 
from hemorrhoids In no case was bleeding severe 

Pneumaturia and the passage of feces in the urine are positive evidence 
of the piesence of a fistula between the bowel and urinary tract When a 
patient presents himself with pneumaturia, there are at least three possibilities 
according to Kelly and MacCallum i Air may have been introduced into 
the bladder from without 2 The uiinary tract may be contaminated by 
gas-producing bacteria 3 Theie may be a communication between the intes- 
tinal and urinary tracts Occasionally, these patients do not volunteer the 
information that they pass gas in the urine, and only on specific questioning 
is the information obtained 

Edwards-® found that in his group of 15 cases of sigmoidovesical fistula 
resulting from diverticulitis, the average duration of abdominal symptoms 
prior to the establishment of the fistula was three years and nine months, while 
m our group, it was three years and thiee months In our group, the symp- 
toms of disease of the urinary tract were present an average of 3 7 months 
before positive evidence of a fistula developed, and the fistula had been present 
an average of 12 9 months when the patient was first seen at the clinic 

In many cases, the onset of symptoms referable to the urinary tract cor- 
responds with an acute episode of abdominal pain and fever Pyuria may 
herald the rupture of the abscess, with relief of pain , air and feces may appear 
in the urine only after the lapse of several days that may be required for the 
establishment of the sigmoidovesical communication 

As pointed out by various investigators, infection of the upper part of the 
urinary tract is an infrequent complication, and the ability of the bladder to 
tolerate the fecal discharge is remarkable , in none of our group did it appear 
that there was such an infection Five patients had persistent pyuria after the 
fistula was closed surgically, but none of these seemed to have an infection of 
the upper part of the urinary tract 

While the diagnosis of enterovesical fistula is usually not difficult, it is not 
always simple to determine the etiology and the portion of the bowel involved 
From the literature, Higgins^ found the etiology in 328 cases of enterovesical 
fistula to be as follows congenital causes m 5 7 per cent, trauma in 14 9 per 
cent, inflammatory processes in 48 4 per cent and neoplasms in 27 7 per cent , 
of the inflammatory lesions, diverticulitis was the most common offender 
Other causes were tuberculosis, appendicitis, vesical calculus, syphilis, diver- 
ticulum of the bladder, typhoid, actinomycosis and pei lanal abscess Carcinoma 
of any of the pelvic structures may result in a sigmoidovesical fistula 

Bargen and Cox^’’ discussed the differential diagnosis of malignant and 
nonmalignant perforating lesions of the colon Perforative diverticulitis was 
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suggested by a history of rather long-continued recurrent pain in the lower 
left quadrant of the abdomen, with mild obstructive features, sudden pain, a 
tender, fixed mass in the lower left quadrant and a temperature of 102 degrees 
F or more Perforating carcinoma was likely to be a more slowly progiessive 
process, with more marked obstructive features, bleeding, low grade fever 
and anemia 

Roentgenologic examination of the colon gives the most reliable informa- 
tion as to the nature and location of the lesion responsible for the fistula, but 
as emphasized by Dixon and Weber,^® when a malignant lesion of the colon 
perforates, it may very closely resemble diverticulitis In the present series, a 
diagnosis of diverticulitis or diverticulosis or both was made m 82 8 per cent 
of the 29 cases in which roentgenograms were made, in one case the lesion 
had the appearance of a caranoma 

Proctosigmoidoscopic examination is important, but rarely with it alone 
can one make the diagnosis Usually one can get only suggestive evidence that 
the disease of the bowel is diverticulitis The proctoscopic findings of nar- 
rowed lumen, immobility, mucosal edema, angulation and extrarectal mass are 
suggestive but not diagnostic of diverticulitis, as shown by Jackman and Buie 
At times, the presence and location of the fistula can be determined by placing 
a solution of methylene blue m the bladder and observing its appearance m 
the bowel Also cystograms are at times useful 

From the group of cases m this study, one could not draw conclusions as 
to the proper method of treatment, since only cases in which resection of the 
bowel was done were used However, these fistulae rarely close spontaneously, 
and it IS agreed that the proper tieatment is surgical Pemberton,®® Edwards,^® 
Lockhart-Mummery®^ and others have agreed that multiple stage procedures 
are preferable An extraperitoneal type of resection may be done when pos- 
sible Frequently, any type of resection should be preceded by establishment 
of a temporary colic stoma which completely diverts the fecal stream for three 
to 12 months Babcock®® has followed the practice of doing a segmental resec- 
tion and primary anastomosis without a colostomy in perforative diverticulitis 

Some fistulae can be corrected by separation of the bladder and sigmoid 
and closure of the openings A colic stoma placed proximal to the fistula and 
closed after a period of several months will suffice in some cases, but too often 
the fistula will recur or there will be an exacerbation of the diverticulitis In 
this study, an effort was made to determine from the case records if the fistula 
closed after the colostomy, but this could not be done with any degree of 
accuracy When a colostomy is done proximal to the diseased segment of 
bowel, the inflammatory process subsides somewhat, but not completely, and 
as the bowel is put to use again the process is reactivated, more abscesses 
forming and draining through the bladder Any procedure short of resection 
frequently fails to correct the fistula, because it does not remove the primao 
cause of the condition 

In ten cases of this group colostomy and in one case cecostomy had been 
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done SIX or more months prior to segmental resection of the sigmoid In the 
excised specimens one could see the necrotic, perforated areas in five instances 
In SIX of these ii cases microscopic and, in some instances, gross abscesses 
could be seen m the wall of the bowel 

Only five of the resections were done prior to 1939, consequently most of 
the patients had the benefits of chemotherapy Approximately half of the 
patients were prepared preoperatively with the aid of succinylsulfathiazole 
(sulfasuxidme) The two patients who died of peritonitis, and peritonitis and 
pneumonia, respectively, were operated upon m 1930 and 1934 when the 
sulfonamides were not available 

SUMMARY AND CONCLUSIONS 

A review of the literature on sigmoidovesical fistulae associated with 
diverticulitis has been presented It is the opinion of most investigators that 
diverticulitis is the most common cause of sigmoidovesical fistulae 

A study based on 32 cases of sigmoidovesical fistula due to diverticulitis of 
the sigmoid colon was made In each case, segmental resection of the colon 
was done at the Mayo Clinic 

Characteristically, the excised segment of the colon presented many diver- 
ticula The wall of the bowel was involved in a chronic extramucosal prolifer- 
ative inflammatory process Commonly, areas of necrosis, abscess formation 
and perforation were seen 

As with colonic diverticula, fistulae were more common m older men 
Women are much less likely than men to have sigmoidovesical fistulae because 
of the protection afforded the bladder by the female pelvic viscera 

The symptoms of sigmoidovesical fistula were abdominal pain, constipa- 
tion, diarrhea, pneumatuna, frequency of urination, dysuria, the passage of 
feces in the urine, hematuria, the passage of urine by rectum and chills and 
fever Either the intestinal or urinary tract symptoms may predominate The 
patients had had symptoms of diverticulitis an average of approximately 3 5 
years and their urinary tract symptoms an average of approximately 3 5 
months when their fistulae developed Most of these fistulae developed spon- 
taneously 

Cystoscopic examination and roentgenologic examination of the colon were 
the most important aids in the diagnosis Other inflammatory lesions and car- 
cinoma must be considered in the differential diagnosis 

Infection of the upper part of the urinary tract is not a common complica- 
tion of sigmoidovesical fistula, and it was not present m any of our cases 
Spontaneous closure of the fistula is rare Any type of surgical treatment 
less radical than excision of the diseased segment of colon and closure of the 
vesical opening usually fails In most instances it is advisable to provide 
proximal drainage by means of a temporary transverse colostomy for six 
months prior to resection In this group of 32 cases, there were three postop- 
erative deaths Twenty-eight were relieved of their sigmoidovesical fistulae. 
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UNIVERSITY OF SOUTHERN CALIFORNIA MEDICAL SCHOOL 

The progress of medicine and surgery in lowering the inoitality of acute 
intussusception in infants and children has been slow An analysis of the 
results obtained in 143 cases at Children’s Hospital, Los Angeles, during the 
last ten years has shown real pi ogress as compared with comparable senes 
reported m the literature (Table I) Reasons for this improvement seem 
apparent, and these, plus the lessons learned from our own unsuccessful cases, 
have prompted us to present this report 

DIAGNOSIS 

CredTt is due the pediatricians who refeired these cases for hospitalization 
in the early stages of the disease The average duration of symptoms befoie 
surgery was performed was 28 hours (Table II ) Ladd and Gross reported 30 
hours^®, Robbins 45 hours^^, Peteison and Carter, 32 hours^*', Gibbs and Sut- 
ton, 47 5 hours® and Gordon, 36 hours 

Intussusception occuried most frequently among well-nourished, appar- 
ently well infants between the ages of four and nine months (Fig i) Sixty- 
three per cent of our cases were males and 37 per cent females The onset of 
symptoms was usually abrupt, with intermittent attacks of severe abdominal 
pain, lasting a few minutes and followed by a free mteival of from 15 to 20 
minutes, in which the child appeared perfectly well Often the attack of pain 
was of such severity as to cause the child to become pale and show temporary 
signs of shock The attacks of pain were frequently followed by nausea and 
vomiting, and m 55 per cent of the cases, with bloody stools An abdominal 
mass was palpated in 69 per cent Roentgenograms of the abdomen or barium 
enemas \vere taken in 22 per cent Tliey are occasionally helpful when the 
diagnosis is in doubt and barium enemas are at times even curative but may 
be misleading if the intussusception does not involve the colon This situation 
occurred m four of our cases 

DIFFERENTIAL DIAGNOSIS 

The important conditions which must be recognized 111 the differential 
diagnosis are intestinal colics which are not accompanied by mechanical 
obstruction Henoch’s purpura should also be added to this list We recenth 
had a classic example of tins combination of medical and surgical conditions 


* Submitted for publication, Januar>, 1949 
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Table I — A Cojupa) ison of the Moifahty Rates in Some of the 

of Intussusception m Infants and Chtidi 

Reported Sei les of Cases 
en 



Periods of 

Number 

Mortality 

Authors 

Institution 

Observation of Cases 

Percentage 

Perrin and Lindsay'^ 

London Hospital Children s Div 

1903-08 

138 

49 2 



1909-14 

149 

27 5 



1915-20 

113 

26 6 




400 

34 75 

Closed 

Guy’s Hospital, London 

*0 

0 

1 

r 

131 

40 0 



1919-27 

106 

20 6 




237 

35 4 

Brow n* 

Philadelphia 

1915-24 

31 

64 5 

Robins"*’ 

Children s Hospita 

1924-31 

34 

35 3 




65 

49 2 

Clubbe® 

Sidney Australia 

1921 

144 

32 0 

Hipsley" 

Children s Hospital 

1937 

142 

4 9 




286 

19 0 

Ladd and Gross” 

Bosto" 

1908-27 

282 

37 0 


Children’s Hospital 

1928-32 

90 

14 0 



1933-39 

112 

12 5 




484 

26 9 

Nyborg” 

Kronpnnsessen 

1930-34 

24 

17 0 


Louisa s Vardanstalt 

1935-41 

84 

5 0 


Stockholm 


— 





108 

7 3 

(jibbs and Sutton* 

Cincinnati General Cincinnati 

1927-37 

56 

44 6 


Children s Hospital 

1937-42 

36 

8 3 




92 

30 4 

Musil” 

Children s Memorial Hospital 

1933-43 

105 

16 1 


Chicago 




Bolling* 

Babies Hospital New York 

1923 

50 

30 0 

Hogg and Donovan” 


1927-45 

123 

13 0 




173 

21 3 

Oberlielman and 

Cook County 

1925-31 

13 

53 8 

Condon” 

Children s Hospital Chicago 

1932-38 

18 

16 6 



1939-45 

68 

13 2 




99 

19 1 

Snyder Kraus and 

Children s Hospital 

1938-18 

143 

4 8 

Chaffin 

Los Angeles 
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m an 8-year-old girl, not included in tins senes The purpuric spots, the 
fretfulness and generalized irritability delayed our recognition of the acute 
intussusception until 12 hours after her admission to the hospital, but follow- 
ing resection of the gangrenous loops, the child made an uneventful recovery 
Gastritis, enterocolitis, allergic states and mesenteric enteritis may produce 
a picture which closely simulates intussusception , furthermore, cases do reduce 
spontaneously,'’ or with ordinary or barium enemas In our series there 

were 18 cases in which the signs and symptoms, and occasionally the barium 


Table II 

— Dination of Symptoms 

Hours 

Number of Cases 

0 to 6 

32 

7 to 12 

31 

13 to 24 

33 

25 to 48 

22 

49 to 72 

10 

96 

7 

Over 96 

S 


enema, made the diagnosis of intussusception seem likely, yet the findings were 
not definite and considered judgment favored a period of observation Six- 
teen of these cases entirely cleared and weie sent home well and without 
operative intervention In two, after nearly 72 hours’ observation, operation 
was performed with recovery in both instances A quotation from the notes 
of Dr Joseph Brennemann, written in 1942 on one of our patients who was 
observed and who recovered without operation, is as follows ‘T cannot make 

AG-E INCIDENCE 



out a mass, and there is no mass on examining the rectum The rectum does 
not have the empty feeling If it is an intussusception, it is not a ‘tight’ affair 
and one can safely wait Since he came in three or four hours ago, he has had 
practically no tenderness He should be watched carefully ” In two cases the 
abdomen was opened and no evidence of past or present intussusception was 
found The differential diagnosis was difficult m 15 per cent of our series 
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CLASSIFICATION 

It IS important to remember that intussusception may involve only the 
small intestine and that a barium enema in this type cannot be helpful and 
may be actually misleading All our cases, with four exceptions, involved the 
colon For practical purposes, we have not earned this classification any 
further 


TYPES OF INTUSSUSCEPTION 



Cecufn — 

9lev!,m w' '■ 


I fft^msuscejiyi^Km is /k/af 

a?ia coftsincieii Che 
iniussusciptem (cssitm/ mik 
; \i}n/xi7rmsni of Mood sujojol^ a?id 

^complete ohsirucHon 



Fig 2 


From a clinical standpoint, however, we lecognize two types of intussus- 
ception Fig 2, Type I, m which the intussusceptum is tightly held by the 
mtussuscipiens, causing mteiference Avith blood supply and complete obstruc- 
tion, and Type II, in which the intussusceptum is loosely held and, therefore 
at fiist causes only partial obstiuctioii and little vascular damage (See Fig 3) 
This IS a pathologic classification and is definitely determined only at operation 
It does, however, explain why some cases (three in our series) have a gan- 
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grenous loop only 24 hours after the onset of symptoms and many cases (12 
m our senes) may go as long as thiee days 01 more without any real damage 
to the mtussLiscepted intestine This concept fuitheimore explains why in 
some cases the symptoms are milder and evidence of complete obstruction and 
toxicity are not present even after the first day 01 two of the disease It should 
not, however, be used as any excuse for dela)’^ in treatment except when the 
symptoms, examination and laboiatoiy findings leave the examiner in real 
doubt as to whether or not he is dealing with an intussusception 01 u ith some 



^treptomifcm inject^ed proximal to ^ I 
area of bowel involved in intussmcepliom 

Fig 3 

other medical condition in which surger)'^ is not indicated A barium enema 
may or may not settle the problem It is of no value if the intussusception is 
ileo-ileal If the barium enema is not positive, then a period of close obser- 
vation for a few hours is justified 

TREATMENT 

The first fundamental principle is the agreement that suigerj^ is indicated 
when one is reasonably certain that intussusception exists If the utilization 
of conservative means of reduction is confined to diagnostic procedures, 
such as barium enemas, when the signs and symptoms are not clear cut, then 
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theie mil be no undue procrastination and the geneial mortality fiom the 
condition can be i educed 

The second fundamental pimciple, which we believe has led to a reduced 
moitahty m this series, is the institution of measures directed toward correct- 
ing the alterations of body economy produced by the intussusception Sixteen 
surgeons, with varjung degrees of experience, operated upon our 125 patients 
but the standard of preopeiative and postoperative care was much the same 
throughout the series Intussusception produces ( i ) low mechanical obstruc- 
tion with attendant loss of water and electrolytes, (2) blood loss into the 
bowel and into the damaged tissues, (3) a localized lowering of the defense 
mechanism against infection Present methods to combat these alterations 
have developed m recent years and need only a practical application 

PREOPERATIVE CARE 

Int)anasal gastric suction is indicated in all cases This is removed after 
surgery if postoperative obstruction is not anticipated, or, on the other hand, 
a Miller-Abbott tube is inserted if obstruction is a major factor Watei , salt 
and glucose are given to those patients who present evidence of having lost 
these essentials In 50 per cent of our cases, fluid administration was not felt 
to be necessary Blood is given to those patients who are 111 poor condition 
Evidence of shock or toxicity suggests a type I intussusception and the patient 
needs blood early, 10 cc per pound of body weight is given as an initial 
amount and is repeated as indicated Fifteen cases in our series received this 
form of therapy Antibiotics and cliemothei apeutic agents should be admin- 
istered to the clinically ill patients,^ and to those patients who have had a 
preliminary diarrhea or evidence of other infection , 150,000 units of penicillin 
(16 cases), and i gram of streptomycin (7 cases), per 24 hours, given m 
divided dosages, have been found to be effective Sulfadiazine has also been 
used m 35 of our cases This was administered as the sodium salt, in divided 
dosages of i gram per pound of body weight per 2A hours, given intra- 
muscularly 

In one-half of our cases, the general condition of the patient was good and 
no preoperative therapy except aspiration of the stomach seemed indicated In 
those patients, who are in poor condition, however, we believe that the few 
hours taken up 111 administering fluid, electrolytes, blood and antibiotics aie 
well spent To rush a gravely ill child to the operating room is, in our opinion, 
poor judgment Similarly, to delay surgical relief too long is to court disaster 
When the child is in good condition, one hour is ample time , when the child is 
gravely ill, we feel that three 01 four hours may well be spent in preparation 
The lesson learned as regards pyloric stenosis, when preparation may require 
from one to four da3^s, might well be condensed to from one to four hours, as 
applied to intussusception 

OPERATION 

Drop-ether anesthesia is used Blood 01 plasma is advised during surgery 
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if the patient’s condition is not good In one of the two deaths following 
resection in oui series, this was not done The exposure is usually made 
through a nght-rectus incision The intussuscepted loop is located and 
reduced, if possible, by pressuie through the distal bowel, against the head of 
the intussusception Tension on the proximal bowel is kept minimal Good 
judgment is required in detei mining just how long one can persist in attempt- 
ing to 1 educe a tight intussusception, but it may often lequire from lo to 15 
minutes and will usually be rewaided with success and a viable intestine In 
only 4 per cent of our cases was resection necessary, either because the 
intussusception could not be reduced or the intussusception was gangrenous 
When a resection is necessary, or when the intussusception is badly damaged, 
we favor the introduction of one gram of stieptomycin thiough a small-gauge 
needle into the loop of small intestine, either pioximal to the anastomosis or 
to the intussusception (Fig 3), along with full parenteral administration of 
antibiotics This is, as yet, not based on sufficient clinical experience but on 


COMPOSITE TEMPERATURE CURVE 
Patients qiven tzo cmtibiotic or c/iemotkerapif 



PRE OP POST OP INP JRP 4TM 5TM 7T« 

|6T 

Fig 4 


the experimental work of Farris and Romack^ and others -■* In theory, at 
least, it should produce a rapid intraluminal sterilization almost akin to that 
afforded by the “prepaied” bowel of elective surgery 

In those cases in which the intussuscipiens has caused only little damage 
to the hitussusceptum and the child is in good condition, an appendectomy also 
is performed There were 24 cases in which this accompanying procedure was 
done Tliere were four cases in which a Meckel’s diverticulum was removed 
No operative procedures w^ere perfoiined for the prevention of recurrence 
except m a very few cases It is not recommended 

POSTOPERATIVE CARE 

The postoperative course m the cases in wdnch there is little damage to the 
intussusceptum is accompanied by little reaction (Fig 4) These cases require 
no special therapy The stomach tube is removed immediately postoperative!} 
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The patients aie allowed water, liquids and solids as tolerated Supplemental 
parenteial fluids are not often administered In these cases, antibiotics and 
chemotherapeutic agents are not given unless there has been an antecedent 
histor}^ of diarrhea 

Cases in which a lesection has been necessary, or those in which there has 
been severe damage to the intussusceptum, are given strenuous postoperative 
care Constant suction is maintained Blood (38 cases), plasma, saline and 
glucose are administeied paienterally Oxygen tents are utilized Penicillin 
(24 cases), and streptomycin (7 cases) and sulfadiazine (35 cases) are 
administered m full theiapeutic dosages Parenteral vitamins are not 
neglected In spite of these measures, a stormy convalescence can be 
anticipated (Fig 5) 

COMPOSITE TEMPERATURE CURVE 

Patients on antibiotzc and ckemotherapif. 


99 

NORMAL 


PREOP POSrOP 5TH feTM 7TM 

1ST 

Fig 5 

PATHOLOGY 

Only 4 of our 125 consecutive operated cases were enteric The rest 
involved the colon In six cases, there was gangrene of the intussusception 
requiring resection , an incidence of 4 per cent There were four cases with a 
Meckel’s diverticulum and one with duplication cyst of the ileum 

One death occurred following resection, due to shock in a patient inade- 
quately prepared with fluids and blood One child died of continued complete 
intestinal obstruction, after resection and end-to-end anastomosis This was 
due to a large cuff at the anastomotic site, as determined at autops}^ The 
lessons to be learned from these two cases are self-evident One baby died 
of a blood-stream infection, with a gram-negative bacillus This occurred four 
daj's following a simple early reduction In this case, there was a five-day 
history of wateiy diarrhea, preceding the onset of the symptoms of intussus- 
ception Perhaps full dosages of antibiotics should be given to this type of 
case One infant died with generalized peiitonitis following a resection, in 
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which the mtussuscepiens was so friable that it perforated almost iilien 
touched There was one death fiom bronchopneumonia i8 days after a resec- 
tion Two patients expired with a concomitant nonrelated lethal disease, one 
having a severe cardiac anomaly and the otbei chronic lymphatic leukemia 
A brief synopsis of all deaths is added 

DEATHS 

1 A one-year-oM child was admitted with a two-day history of abdominal pain and 
vomiting The child was stuporous No fluids were given at operation An intussuscep- 
tion with gangrenous terminal ileum was reduced but resection could not be earned out 
because of the child’s poor conaition A resection was performed the next day but the 
child died in shock one hour later 

2 An eight-months-old baby entered with a three-day typical story of pain, vomit- 
ing and bloody stool An abdominal mass was palpated A nonreducible ileo-ilea! intus- 
susception was resected An aseptic technic with clamps was used and an end-to-end 
anastomosis completed The child died three days later with a high temperature and at 
autopsy complete obstruction was found at the site of the anastomosis 

3 A three-and-one-half-month-old infant was admitted with a history of fi^e da>s of 
watery green stools and typical signs of intussusception of five hours’ duration A simple 
reduction of an ileocolic intussusception was performed He did well for two days and 
then developed a high temperature and toxicity Penicillin was administered At post- 
mortem, two days later, gram-negative bacilli weie found in the blood stream 

4 A sjx-and-one-half-months-old child was brought to the hospital with a six-daj 
story of vomiting and bloody diarrhea At operation, an intussusception extending to the 
sigmoid was found The colon itos so friable that it perforated almost when touched 
The colon and the intussusception were resected and the ileum and sigmoid were brought 
to the outside The child died 24 hours later with a generalized peritonitis 

5 A three-months-old baby was seen with a three-day history of vomiting and bloodi 
stools An ileocolic gangrenous intussusception was resected with end-to-end anastomosis 
A colostomy was performed five days later because of a localized leak at the site of the 
anastomosis The child died 12 days later of bronchopneumonia 

6 An eight-months-old child with a 12-day history of severe cardiac and respirator! 
difhcultv, was transferred to this hospital in a moribund condition He was placed m an 
oxygen tent and died 36 hours later At autopsy, in addition to a severe cardiac anomaly a 
gangrenous intussusception was found 

7 A five-year-old boy was admitted for the eighth time, with chronic Fmphogenous 
leukemia, in critical condition Hemorrhage from the spleen was suspected clinically but 
surgery was not considered At postmortem, in addition to the leukemia, a gaiigrenoiv 
intussusception was revealed 


RESTJLTS 

In 143 consecutive cases of infants and children whose signs and symptom' 
were sufficiently suggestive of acute intussusception to lead us to the fittat 
diagnosis, there were seven deaths, 01 a mortality of a 8 per cent One him- 
dred and twenty-five of these cases were operated on and 18 were treated con- 
servatively In the operated group, there were five deaths, or a mortalit) of 4 
per cent In two patients, brought to the hospital in an almost moribund condi- 
tion, the diagnosis was missed and death occurred Two cases vinch vore 
clinically felt to he intussusception were subjected to laparotomj" and no mtus 
susception was found Both of these patients recovered 
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jN umber 2 

There ^^as one known recuirence in this senes , the case was leoperated 

Theie weie ii cases in this senes, in addition to the deaths descnbcd 
above, in which complications occiined dnnng the postopeiative couise Ot 
these, theie neie four cases of pneumonitis, all of which lecoveied Theie 
weie thiee cases m ^^hlch a henna occurred at the site of incision Hematuria 
and anuna occuired in one patient, the etiology of which was undetei mined 
Otitis media occuried in one case, and an infection of the intravenous punc- 
ture wound occuired in two instances in which theie nas an otheiwise 
uneventful postoperative recovery 

' Wo. feel that these good results have been obtained because of aleit 
pediatricians \^hose early diagnosis has resulted in an average time interval 
of 28 hours between the onset of s3mptoms and surgery, and also because of 
the generally accepted practice of early opeiation as soon as a diagnosis of 
intussusception is made and the patient is piepared for operation, rathei than 
prolonged conserrative management 

We further feel that a division of cases into those wuth, and those without, 
severely damaged intussusceptum has gieatly aided oui staff in the proper 
management of preopeiative, operative and postoperative care This division 
seems to us of much more practical value than the dnision of cases on the 
basis of duration only, or by classification of the intussusception according to 
the location Few^ pieoperative measures are necessary in the group wuthout 
any severe damage to the intussusceptum unless there has been consideiable 
vomiting Appendectomy can safely accompany the operation of reduction 
in this group Little is needed m their postoperative care unless there has been 
an antecedent diarrhea In contrast are those cases wnth seveie damage to the 
intussusceptum wdiich require preoperative transfusions and adequate fluid- 
replacement theiapy, supportive measures during operation, a safe, rapid 
reduction of the intussusception, or resection if indicated, and no additional 
surgery, follow'^ed by extensive postoperative care This must include blood 
and fluid, constant suction, antibiotics and chemotherapeutic agents and oxygen 
when necessary 

One death followung an uncomplicated early reduction of a not severel} 
damaged intussusceptum in an infant ryho had had a five-day period of sereie 
diarrhea and a terminal severe gi am-negative blood-stream infection, suggests 
to us that in similar futuie cases it may be wuse to intioduce one gram of 
streptomycin into the proximal small bow^el through a fine-gauge needle at 
the time of surgery m addition to full pai enteral administration of the anti- 
biotics This same procedure seems to us to be rationall}^ indicated followmig 
the 1 eduction of a severely damaged intussusceptum or after a resection 

summaht and conclusions 

1 During the last ten )'eais the overall mortality late of intussusception 
at the Children’s Hospital has been 48 per cent In 125 consecutne cases 
operated wuth reduction or resection, the mortality late w'as uo per cent 

2 We believe that these good lesults are due to ( i) eail}^ diagnosis b\ an 
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alert pediatric staff, (2) general agreement that suigery is indicated as soon 
as the diagnosis has been made and the patient prepared, (3) proper prepara- 
tion and aftercare with suction, fluid, electrolytes, blood and antibiotics 

3 At operation, one gram of streptomycin in 3 cc of saline is injected, 
with a fine-gauge needle, into the bowel proximal to the intussusception in 
all cases with ( i ) a preceding history of diarrhea before the onset of symptoms 
of intussusception, and (2) whenever there is a severely damaged intussus- 
ceptum, regardless of whether or not this requires resection We feel that 
this measure is an important supplement to the parenteral administration of 
antibiotics in avoiding local and generalized infections 
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TOTAL PANCREATECTOMY FOR HYPERINSULINISM DUE TO 

ISLET-CELL ADENOMA 


FOLLOW-UP REPORT FIVE AND ONE-HALF YEARS AFTER OPERATION, 
INCLUDING METABOLIC STUDIES’*' 

James*_T Priestley, M D , Mandred W Comfort, M D , 

AND 

Randall G Sprague, M D. 

RoCHESTEEj Minmtesota 

FROM THE DIVISIONS OF SURGERY AND MEDICINE, MAYO CLINIC 

Although total pancreatectomy was performed by Minkowski^ m the dog 
m 1889, obviously, this procedure could not be carried out with expectation of 
prolonged survival until after the discovery of insulin m 1921 Partial resection 
of the pancreas was performed in the human as early as 1882,^ but only a 
relatively few cases of this type were reported until 1935 when Whipple’s 
studies^ gave an impetus to this procedure Since this time, partial pancreatec- 
tomy has been performed in numerous cases but, unfortunately, the late results 
of this operation, when used in the treatment of carcinoma, have not been 
wholly encouraging 

So far as we know, Rockey^ in 1943 reported on the first patient on whom 
total pancreatectomy was performed The patient survived for 15 days after 
operation Gaston^ in 1948 was able to collect data on 17 cases of total pan- 
createctomy from the literature f Of the patients seven survived operation and 
ten died, an operative mortality rate of 59 per cent Total pancreatectomy was 
carried out for neoplasm, tumors of the islets of Langerhans, and chronic 
pancreatitis with and without pancreatic lithiasis More recently, careful obser- 
vations on the metabolic changes which follow total pancreatectomy have been 
reported by Fallis and Szilagyi Obviously, with the limited experience that 
any one surgeon has had with this procedure, specific indications for its use 
are not yet well defined 

Apparently, the first patient who survived the immediate postoperative 
period after total pancreatectomy was reported by Priestley, Comfort and 
Radcliffe® in 1944, 16 months after operation This patient constitutes the 
basis for the present report as she has recently returned for a period of study, 
approximately five and one-half years after removal of the pancreas The 
recent period of study affords opportunity for comparison of her present status 
with that observed during her early postoperative period in 1942 In the mean- 
time, at the Mayo Clinic, three additional cases have been reported, and one 
additional total pancreatectomy has been performed for chronic pancreatitis 
with pancreatic lithiasis but has not yet been reported on ^ 

Submitted for publication, Afarch, 1949 

t One of the most completely studied of these cases was that reported by Ricketts, 
Brunschwig and Knowlton ° The patient in this case was a white man, 52 years of age, 
who already had diabetes and chronic diarrhea Pancreatectomy was performed for 
carcinoma Subsequently, detailed raetabohc studies were earned out 
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After a brief review of the case history, the effects of total loss of the 
internal and external secretions of the panel eas as obseiwed in the study ol 
this patient in 1942 and again in 1948 will be discussed 


REPORT OP CASE 

A woman, age 49 years, registered at the Mayo Clinic July 6, 1942, because of 
symptoms which had been present three years During this interval, she had experienced 
several types of attacks The most severe episodes, of which there had been five during 
the previous three years, were characterized by loss of consciousness of from one to five 
hours’ duration These attacks required glucose administered intravenously for their 
relief Minor episodes, which occurred more frequently, were characterized by sensations 
of dizziness or confusion, or spells of profuse perspiration The latter spells occurred 
almost daily between 10 a m and 12 m and were promptly relieved by orange juice 

General physical examination showed the patient’s weight to be 142 pounds (about 
64 4 Kg ) and revealed essentially normal findings The systolic blood pressure was 
140 mm of mercury and the diastolic, 80 All laboratory and roentgenologic studies also 
revealed normal findings except for those pertaining to the blood sugar The fasting con 
centration of blood sugar was 42 mg per 100 cc After a fast of 18 hours, the patient 
had a severe hypoglycemic reaction, starting with drowsiness and sweating and proceeding 
to loss of consciousness The blood sugar at this time was 29 mg per 100 cc The patient 
recovered from this spell after intravenous administration of 20 Gm of glucose, followed 
by oral administration of 200 cc of orange juice A diagnosis of severe hypoglycemia, 
probably due to a hyperfunctioning tumor of the islets of Langerhans, was made 

Operation was performed on July 15, 1942 Exploration of the entire abdomen and 
the pancreas in particular failed to reveal any abnormality At the suggestion of Dr R M 
Wilder, and because of previous unsatisfactory experience with partial resection of the 
pancreas under these circumstances, total pancreatectomy was performed * A portion of 
the stomach was resected along with the duodenum and a posterior gastrojejunal anasto 
mosis of the Polya type was established Cholecystogastrostomy was performed and the 
common duct was ligated on the cephalic side of the pancreas 

The pathologist reported that the pancreas weighed 80 Gm Only after a prolonged 
search was a cellular adenoma of the islets of Langerhans found This was situated m the 
head of the pancreas, measured 8 by 5 by 5 mm , and was of the same consistency as the 
remainder of the pancreas and virtually of the same color 

The postoperative course was without particular event The patient weighed 142 
pounds (about 644 Kg ) at the time of the operation, and 128^^ pounds (about 583 Kg) 
at the time of dismissal on August 24, 1942, after a period of study in the metabolic unit 
The patient returned for re-exammation on January 2, 1948, having remained in 
essentially good health in the interim Her only complaints were of lack of energy an 
mild intermittent cramping abdominal distress The latter symptom was relieved 5 
moving the bowels As a rule, she had three or four bowel movements each day, " nn 
ivere light in color and somewhat bulky Her husband stated that, for the most part, ^ler 
appetite had been ravenous She apparently had a real craving for sweets, an 
husband said she ate more sweets than the average person She had taken no pane 
because she had found that it caused abdominal distress Neither had she ta ^ 

choline or other lipotropic substance other than that which w^as contained m her 
Although she did not diet systematically, so that there was considerable day-to- a\ ^a^^^ 
ation in her food intake, it was estimated, on review of her dietary history, that ler 
intake of choline had been m the neighborhood of 1,800 mg Her weight had vane 
little from the I 28 j 4 pounds (about 583 Kg) which she weighed at the time 0 

dismissal after the operation - — — 

* It should not be thought that this procedure is routinely performed under s 
circumstances 
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The interim historj’^ with respect to the behavior of the diabetes is given later in this 
paper under the heading “Effects of Total Loss of Internal Pancreatic Secretion ” 

The results of physical examination at the time of the patient’s return in Januar}", 
1948, were essentially negative except for slight distention of the abdomen Her weight 
tvas 124 pounds (about 56 2 Kg ) The blood pressure was 130 mm of mercury systolic 
and 75 diastolic Tendon reflexes of the lower extremities were all active The arteries 
of the feet and legs were open The results of examination of the ocular fundi and of 
routine urinalysis were normal The value for hemoglobin and the erythrocyte count, 
leukocjde count and differential count were normal Roentgenograms of the chest disclosed 
no abnormalities Roentgenograms of the pelvis revealed evidence of vascular calcification 
Roentgenoscopic examination of the gastro-intestinal tract revealed a normal pattern in 
the small intestine, and a normal colon and terminal portion of the ileum Proctoscopic 
examination revealed a small polyp on the anterior wall of the rectum at 8 cm , which vv^as 
fulgurated The results of other laboratory studies are given subsequently 

EFFECTS OF TOTAL LOSS OF INTERNAL PANCREATIC SECRETION 

Aftei total pancreatectomy on July 15, 1942, the diabetic state was quickl)’’ 
established Prior to removal of the pancreas, the fasting blood sugar had been 
as low as 29 mg per 100 cc , the morning after the operation, it was 341 mg 
per TOO cc For the first three days after operation, the patient received solu- 
tions of glucose and sodium chloride intravenously, together with moderate 
doses of regular insulin, and glycosuria was fairly intense Larger doses of 
insulin were employed in the immediate postoperative period than were subse- 
quently necessary The largest total dose for one day was 66 units After the 
fifth postopeiative day, it was possible to discontinue the intravenous adminis- 
tration of glucose and begin oral feedings From this time forward, glycosuria 
was controlled with a single daily mixed dose of protamine zinc insulin and 
regular insulin, administered in the morning before breakfast During the 
period of convalescence in the hospital, the total daily dose averaged approxi- 
mately 30 units The value of the fasting blood sugar varied over a wide 
lange, from 60 to 340 mg per 100 cc but on most days it was less than 150 mg 
The course of the patient at home, with respect to the diabetes, in the 
inteiim between her dismissal on August 24, 1942, after pancreatectomy, and 
her leturn for a checkup on January 2, 1948, presented some interesting 
features During the first three years at home she had taken each morning a 
mixture of protamine zinc insulin and regular insulin, totaling approximately 
30 units, with fairl}'- good control of glycosuria For reasons which are not 
clear, she experienced almost continuous pruritus vulvae, which was apparently 
not related to the amount of glycosuria In the latter pait of 1945, on the 
suspicion that the pruritus might be related in some way to protamine, she 
changed to a mixtuie of regular and cr3^stalhne insulin, taken as a single dose 
in the morning before bieakfast The total daily dose varied from 28 to 40 
units No more insulin w^as taken during the remainder of the day On this 
regimen she experienced an insulin reaction almost every afternoon, and almost 
eveiy night aftei midnight she had symptoms of uncontrolled diabetes, that is 

* It IS of interest that roentgenograms of the lumbar segment of the spinal column in 
1942 did not show evidence of vascular calcification 
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thirst, polyuria and cramping of the legs Intense glycosuria had been the rule 
on the first test in the morning A few hours after the administration of the 
morning dose of insulin, the symptoms of uncontrolled diabetes would subside 
The pruritus vulvae had been relieved 

The foregoing behavior of the patient’s diabetes, while under treatment with 
a single morning injection of quick-acfang insulin each day, suggests that it was 
of only moderate severity In severe diabetes such as commonly occurs in chil- 
dren, adolescents and young adults, such a program of insulin administration is 
frequently followed by severe acidosis within 24 hours after the last dose of 
insulin, as a result of the waning action of insulin 

Further observation of the patient in the hospital between January 2 and 
January 16, 1948, provided additional evidence that her diabetes was of only 
moderate severity During this period, she was treated with a mixture of pro- 
tamine zinc insulin and regular insulin m a ratio of approximately one unit of 
protamine zinc insulin to two units of regular insulin, administered each morn- 
ing before breakfast The total daily dose varied from 18 to 24 units, depend- 
ing on the results of fractional tests of the mine for sugar The diet contained 
269 6 Gm of carbohydrate, 117 5 Gm of protein and loi 6 Gm of fat On this 
regimen, she excreted only small amounts of sugar in the urine, and experi- 
enced an occasional mild insulin reaction in the latter part of the afternoon 
Ketone bodies were not found in the urine On one day, when breakfast and 
lunch were omitted because of gastro-intestinal roentgenologic studies, the usual 
morning dose of insulin was withheld and no sugar appeared in the urine 
This behavior again is m contrast to that commonly observed under comparable 
circumstances in persons who have severe diabetes 

EFFECTS OF TOTAL LOSS OF EXTERNAL PANCREATIC SECRETION 

Digestion of Fat and Pi otein This patient -was studied in the metabolic 
unit for a period of 26 days during the early postoperative period in 1942, start- 
ing 12 days after operation At this time, the diabetes w'as well controlled and 
she was taking a liberal diet of solid food This study was divided into three 
periods with somewhat different relative caloric intake during each period 
Details of this study have been reported previously® Suffice it to say at this 
time that the patient’s diabetes was quite well conti oiled by proper administra- 
tion of insulin In contrast, digestion of protein and fat was definitely 
abnormal (Table I) 

It was observed that approximately from 35 to 70 per cent of ingested fat 
could be accounted for in the stools The average daily value for total fat lost 
was greater on the lo-wer fat diet than on the high fat diet Fat composed from 
37 to 54 per cent of the fecal solids Administration of pancreatin in gelatin 
capsules did not significantly affect the absorption and digestion of fat Studies 
of ingested nitrogen revealed that from 25 to 55 per cent ivas present in the 
stools The daily loss of nitrogen varied from 2 92 to 8 28 Gm Computing the 
fecal nitrogen in terms of protein aveiage daily fecal protein accounted for 
from 25 to 39 per cent of the fecal solids Fat and protein accounted for from 
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73 to 79 per cent of the fecal solids Nitrogen balance was positive at all times, 
despite the large losses in the feces 

During the period of metabolic study m January, 1948, the patient was 
given a standard test diet^° consisting of 1 17 5 Gm protein, 18 8 Gm nitrogen, 
loi 6 Gm fat and 269 6 Gm carbohydrate, which furnished a total of 2,463 
calories No pancreatin or lipotropic substance was given during this period 
Studies of the fecal content entirely similar to those made during the early 
postoperative period were repeated Values of the fecal content of normal 
persons ingesting this diet and of the patient under consideration are shown 
in Table I It is apparent from this table that the several values are greater 


Table I — Aveiage Daily Values foi Fecal Total Solids, Fat and Nitrogen in a Case of 
Total Pancreatectomy and in Normal Persons 


Date and Total 

Period No Solids’*' 


Fat 


Nitrogen 

Dietary 

Intake 

Total* 

Per Cent Per Cent 

Total Ingested 

Solids Fat Total* 

Total Pancreatectomv 

Per Cent 
Ingested 
Nitrogen 

Fat* 

Pro- 

tein* 

Carbo- 

hydrate* 

1942 Period It 13197 

48 19 

37 

70 

8 28 

55 

69 0 

94 5 

211 

Period II 83 94 

36 28 

43 

35 

4 07 

38 

102 5 

67 7 

206 

Period Hit 73 4 

39 8 

54 

42 

2 92 

25 

95 0 

70 0 

222 

1948 Period IV 108 0 

52 2 

48 

51 

S 20 

43 5 

101 6 

117 5 

269 6 




Normals 






Mean§ 27 6 ±2 2 

4 1±0 S 

14 S±1 1 

4 0±0 5 

1 7±0 

1 8 9±0 8 

101 6 

117 5 

269 6 

Standard deviation 7 3 

1 S 

3 7 

1 7 

0 4 

2 6 





* Grams 

t The durations of Periods I, II, III and IV were, respectively, 10 10 5 and 3 days 
t During Period HI, the patient received daily 28 Gm of powdered pancreatin (Parke-Davis) m gelatin 
capsules 

§ The figure after the ± is the standard error of the mean 


than the upper limits of normal Those for total fat and percentage of ingested 
fat as fecal fat are more abnormal than those for total fecal solids, fecal 
solids which are fat, total fecal nitrogen and percentage of ingested nitrogen 
as fecal nitrogen Nitrogen balance was positive during this short period 
of study 

Fecal values obtained during the period of study in July and August, 1942, 
immediately after operation, cannot be compared with exactness with those 
obtained in January, 1948, because of differences in dietary intake, but it 
appears that the interim of five and one-half years between these two studies 
has not altered the disturbance of digestion and absorption found during the 
period immediately after pancreatectomy 

Blood Liptds and Hepatic FuncHon The values for plasma lipids were 
not determined before pancreatectomy but the concentration of bilirubin was 
I 2 mg per 100 cc (indirect) and the sulfobromophthalein-sodium test of 
hepatic function did not disclose retention of dye During the penod imme- 
diately after operation, the concentration of plasma cholesterol, cholesterol 
esters, lecithin, fatty acids and total lipids were, respectively, 216, 121, 301, 
397 and 613 mg per 100 cc , values which are within the normal range 
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Five and one-half years later, m Januaiy, 1948, the lespective values for 
cholesterol, cholesterol esteis, lecithin, fatty acids and total lipids were 210, 
120, 392, 596 and 806 mg pei 100 cc The concentration of bilnubin in the 
serum was o 7 mg per 100 cc (mdiiect) The sulfobromophthalein-sodium 
test of hepatic function did not disclose retention of dye The concentrations 
of total serum protein, albumin and globulin were respectively 6 5. a 7 and i 8 
Gm per too cc , alkaline phosphatase was 26 units (Bodansky) and the 
cephahn-cholesterol flocculation and thymol turbidity reactions were negative 

Neither total pancreatectomy nor huge losses of fat m the feces had 
appreciably altered the concentration of plasma hpids or the functions of the 
liver, which weie measured 

Such effects aie chssimilai to those occuriing in pancreatectomized dogs 
When a panel eatectomized dog is maintained with insulin and a diet adequate 
to maintain a normal dog, infilti ation of the liver with fat decreases the 
requirement for insulin and decreases the output of sugar in the urine and 
about a 50 per cent reduction in blood fats develops These changes may take 
place within foui or five weeks or earlier and are well developed by the 
twentieth week after panel eatectomy '' The reduced function of the 
hvei IS measuiable by the sulfobromophthalein-sodiuin test A lipotropic sub- 
stance, either law panel eas, lipocaic, lecithin 01 choline, must be added 
to the diet to prevent these changes Dragstedt, Clark and Vermeulen^^ found 
that the minimal effective daily dose of choline for a dog weighing from 9 to 
12 Kg is about I Gm 

In the case reported here, the patient has received a mixed diet for more 
than five yeais The diet is estimated to contain approximately 1,800 mg of 
choline pei day She has not taken pancreatin, hpocaic, raw pancreas or sup- 
plementary choline or methionine On this program, the hypohpemia or dis- 
turbed hepatic function found m the pancreatectomized dog has not developed 
A similar failure of hypohpemia and fatty liver to develop in the case of total 
panel eatectomy for caicinoma, when examined eight months later, has been 
lepoited by Dixon, Comfort, Lichtman and Benson 

The authors are indebted to Miss Gordon Sampson, chief dietitian, Mayo 
Clinic metabolic unit, St Marys Hospital, foi hei caieful planning and super- 
vision of the diets used in this study 

SUMMARY 

The clinical couise and results of metabolic studies in a patient who had 
undeigone total one-stage pancreatectomy five and one-half years previously 
for hypeiinsulinism due to a small adenoma of the islets of Langerhans are 
reported Similar studies on this patient were reported in 1944 hy Priestley 
Comfort and Radchffe® 16 months aftei the operation During the five and 
one-half years aftei panci eatectomy'^ the patient leinained in essentially good 
health Hei diabetes continued to be of relatively mild degree as compared 
with the type of diabetes vhich commonly^ occurs in children, adolescents and 
young adults In spite of the loss of large amounts of nitrogen and fat m 
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the feces, she was able to maintain an excellent nutritional state The values 
for blood lipids and serum pioteins remained within the normal range, and 
there was no abnormality of the functions of the liver which were measured, 
in spite of the fact that her diet had not been supplemented with choline, 
lecithin or othei hpotiopic substance 
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VARICOSE VEINS* 

FURTHER FINDINGS BASED ON ANATOMIC AND SURGICAD DISSECTIONS 
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FROM THE DIVISIONS OF SURGERV AND ANATOMY UNIVERSITY OF CALIFORNIA MEDICAL SCHOOL 

The therapy of varicose veins was improved greatly by the introduction 
of high hgation of the long saphenous vein ^ Nevertheless, it has become 
evident to students of the subject that this procedure alone or in association 
with retrograde or other forms of injection often fails to produce maximum 
benefits Many workers, including this author, believed that the failure of this 
form of therapy was due to incompetent thigh perforator veins ^ Studies that 
were undertaken to establish the role of these veins in the etiology of varices 
were the subject of an earlier report^ They involved anatomic dissections on 
73 cadavers (137 thighs) and 465 patients (703 limbs) This work clarified 
the anatomy of the saphenous vein on the medial aspect of the thigh and knee 
and also established a method of locating perforator veins in the area This 
knowledge was then applied to the operative care of varicosis The surgical 
dissections confirmed the anatomic pattern but surprisingly demonstrated that 
thigh perforators are not as frequently incompetent as was previously 
believed This knowledge made it imperative to search elsewhere for the 
solution of the problem 

The investigations were then directed to the study of the perforator veins 
distal to the knee In the course of this work, dissections were carried out on 
63 cadavers (92 legs) and observations were made on 482 patients involving 
901 lower extremities It was found that incompetent leg perforators are 
very numerous and much more often responsible for incomplete therapy than 
are the thigh perforator veins 

It IS the purpose of this paper to present the results of these anatomic and 
surgical studies and to describe additional operative technics that have been 
devised to deal with the new findings 

ANATOMIC STUDIES 

The distribution of perforator veins connecting the two saphenous systems 
with the deep veins in the leg varies somewhat, but if adjustments are made 
for differences in height, a remarkable constancy in their placement is observed, 
similar to that in the thigh The anatomic placement of perforators in the 
lower extremity may be divided into five main groups first, those on the 
medial aspect of the lower extremity , second and third, the lateral aspects of 
leg and foot, fourth, the short saphenous system, and fifth, muscular per- 
forators in the calf 

The first of these divisions deals with the medial aspect of the entire lower 
extremit}’’ Figure i shows the venous pattern on the medial aspect of the 

* Submitted for publication, December, 1948 
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thigh, m a somewhat more simplified form than was previously leported ® 
Figure 2 illustrates the scheme of veins on the medial aspect of the leg In 
the thigh the mam long saphenous vein B" (Fig i) is situated beneath the 
superficial layer of the deep fascia This deep fascial layer is continued unin- 
terruptedly down the leg to the base of the toes, as a distinct enveloping 



Fig I — Drawing showing the saphe- 
nous a’s A, A', and B, B', B' B' " 
Veins A, A!, B he superficial to the deep 
fascia , whereas distal to C, veins B', B' ' 
he beneath the superficial layer of the 
deep fascia B ' ' ' emerges from beneath 
the deep fascia at D 

The constant mid-Hunter canal per- 
forator vein connects the mam saphenous 
vein B' with the femoral vein 

The genicular venous plexus connects 
the femoral and popliteal veins with the 
subsartorial vein The subsartorial vein 
makes connections with the main long 
saphenous vein B ' ' in the thigh and con- 
tinues distally in the leg to make connec- 
tions with B' B' " and posterior tibial 
vein 

Accessory perforator vein Q emerges 
into the superficial fascia without making 
direct connections with the mam saphe- 
nous stem B', B' ' Perforator vein J 
makes direct connection between main 
saphenous stem B' ' and the subsartorial 
vein 

Line M illustrates the danger of mis- 
taking superficial vein A for the main 
long saphenous vein m patients who pos- 
sess double long saphenous veins 


MTDTAL ASPECT OF THE LEG 



Fig 2 — Drawing showing the saphe- 
nous systems as B' B' ' ' and short 
saphenous vein The secondary saphenous 
tributaries B' ' ' are black and indicate 
their placement within the superficial 
fascia The lightest tinted crosshatchmg 
indicates veins situated beneath the tra- 
ditional deep fascia The medium tinted 
cross hatching (vein B' ' and lower part 
of short saphenous vein) depicts veins 
lying between the extension of the deep 
fascia of the thigh and the traditional 
deep fascia 

Perforator veins 3, 4 and 5 connect the 
posterior tibial vein with the main long 
saphenous vein B' ' Perforator veins i 
and 2 connect the posterior tibial vein 
with secondary saphenous veins B' ' 
Perforator No 6 connects the posterior 
tibial and subsartorial veins with veins 
B' ' and B' ' ' 

Accessory perforator vein Q emerges 
into the superficial fascia without making 
direct connections with i ein B' ' 

All measurements start from the sole 
of the foot 
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sheath, separate from and overlying the traditional deep (crural) fascia of the 
leg The primary mam long saphenous vein B" continues down the leg 
between this extension of the deep fascia of the thigh and the traditional deep 
fascia of the leg Vein B" lies adjacent to the medial border of the tibia, 
makes connections with the deep veins of the leg by perforators and com- 
municates with the more superficial veins (B'") by vessels that pierce the 
extended supenficial fascial layer of the deep fascia of the thigh 

An analysis of Figure 2 shows that perforator veins 3, 4, 5 and 6, 
located in the upper part of the leg, make direct connections between the mam 
long saphenous vein (B' ') and the posterior tibial vein On the other hand, 
perforator veins l and 2, located in the lower part of the leg, rarely make 
diiect connections between these mam veins Instead, they connect ivith 
secondary veins (described as vein B'") which in turn join with the mam 
long saphenous vein (B") These secondary saphenous veins (B"') are 
significant because they are the origin of most of the leg perforators A closer 
study of the peiforator veins on the medial side of the leg demonstrates that 
within restricted limits their placements and patterns are quite constant 

Perforator No i (Fig 2) is situated about 13 5 cm above the sole of the 
foot and about 2 cm posterior to the medial border of the tibia Perforator 
No 2 IS located about 18 5 cm above the sole of the foot and about i cm 
medial to the medial border of the tibia Rarely do either of these perforators 
make direct connections with the mam long saphenous vein (B' ') Instead, 
nearly always they make connections between superficial secondary tributaries 
(B' ' ') and the posterior tibial vein Incidentally, these perforators often join 
a superficial secondary tributary (B'") that connects the mam long saphenous 
vein (B") and the short saphenous vein 

Perforators Nos 3, 4 and 5 (Fig 2) are adjacent to the medial border 
of the tibia They are situated about 24 cm , 30 cm and 35 cm above the sole of 
the foot, respectively They usually make direct connections between the long 
saphenous vein (B") and the posterior tibial veins, and their locations are 
quite constant Occasionally one of these perforators is absent, in which case 
Its function is compensated for by an adjacent perforator These perforators 
also usually possess accessory perforatoi (Q) veins or collaterals, which make 
independent junctions with secondary veins (B"') 

Perforator No 6 is located about 40 cm above the sole of the foot and 
I cm medial to the medial border of the tibia It makes connections between 
the mam long saphenous vein (B") and superficial veins (B'")> on the one 
hand, and the subsartorial vein (PPO and the posterior tibial vein, on the other 
hand As described in a previous article® and also indicated in Figure l, PP 
is a continuation of the genicular plexus Proximalty it communicates with 
the highest, superior and inferior genicular veins, and distally courses deepl) 
beneath the traditional (crural) deep fasciae, to make the connections vith 
the veins above described During anatomic dissections it has been observed 
that this vein (PP') may continue distall}', even as far as perforator No 2, 
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and has been seen to make connections with any of the peiforators fioin 
2 to 6 inclusive 

Peifoiatois on the medial aspect of the foot and ankle also exhibit much 
constancy The anteiioi medial malleolai peiforatoi is located about 5 cm 
above the ankle joint It aiises from the mam long saphenous vein (B") 
adjacent secondaiy veins (B'"), and deep veins of the foot From the 
anteiioi medial aspect of the foot it courses behind the tendons of the tibialis 
anteiior and extensor hallucis longtis to join with the anterior trbial vein 

Theie aie three perforator veins about 4 cm above the sol^e of the foot 
on the medial side The}^ are located about 9 cm , 8 cm and 5 cm anteiior to 
the posteiior border of the heel, lespectively They make connections between 
superficial veins (B' ' '), vein B' on the one hand, and the deep veins of the 
foot, on the other 

A group of three or more perfoiators is located about 3 5 cm anterior to 
the posterior border of the tendo achilhs, and they range from 5 cm to 10 cm 
above the sole of the foot A fairly constant perforator is located near the 
upper edge of the internal malleolus about 5 cm anterior to the posteiior 
border of the tendo achilhs These four or more perfoiatois connect secondary 
tributaries B' " and the medial tributary of the shoit saphenous vein, on the 
one hand, and the posterior tibial vein and deep veins of the foot, on the other 
No drawings were made of the perfoiatoi veins on the medial aspect of the 
foot and ankle, as their clinical significance seems relatively unimpoitant 

The second general division concerns those perforator veins on the lateral 
aspect of the leg which usually he in the intermuscular septum between the 
peroneal longus and brevis muscles, on the one hand, and the gastrocnemius 
and soleus muscles, on the other (Fig 3) They make connections between the 
superficial secondary veins (B" ') and the peroneal vein In the proximal part 
of the leg these superficial veins usually connect indirectly with the posterioi 
tibial, anterior tibial or popliteal veins These perforators also usually make 
connections wuth the veins draining the gastrocnemius and soleal muscles 
Often, instead of lying in the intermuscular septum, they pieice the lateral 
border of these muscles to connect with the peroneal vein as well as with the 
muscular veins In addition, the peroneal perforators make connections with 
the veins draining the peroneal muscles Although considerable variation in 
their longitudinal placement is observed, and some perforators may be absent, 
in general they are found at about 5 cm intervals betw^een points 10 cm and 
45 cm above the sole of the foot 

The third group of perforators, also located on the lateral side of the leg, 
lies in the intermuscular septum between the peroneal longus and the bievis 
muscles posteriorly, and the tibialis anticus and extensor longus digitorum 
muscles anterioily They connect the superficial secondarj'^ tributaries (B' ") 
with the anterior tibial vein at about 16, 22, 29, 31 35 and 39 cm , respectively, 
above the sole of the foot 

In general, the perforator veins on the lateral aspect of the foot and ankle 
unite the short saphenous and secondaiy veins (B"') with the deep veins of 
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The fourth group is located posteriorly and mainly concerns the short 
saphenous vein The upper part of the latter vein is situated beneath the 
traditional (ciural) deep fascia of the leg, whereas in the lower part of the 
leg and foot it lies more superficially between the traditional deep fascia and 
the extension of the superficial layer of the deep fascia of the thigh, in which 
respect it is similar to the mam long saphenous vein (B") in its placement 
between fascial layers The short saphenous usually makes a single or double 
connection with the popliteal vein in the hollow of the knee, but variations 
are numerous Of these variations, several are outstanding and occur more 
often than is generally believed The short saphenous may have no connection 
with the popliteal vein, or the connection may be a very small one Instead, 
It may unite with deep thigh veins, especially with those veins draining either 
the lateral or the medial (hamstring) muscles Again, the short saphenous 
vein may continue proximally up the thigh to make its connection at various 
levels with the inferior gluteal or profundis femoris vessels An outstanding 
divergence is a short saphenous vein that again makes only trivial, if any, 
connection with veins in the popliteal area Instead, this vein W (Figs i and 
2) courses proximally up the posterior and the medial aspect of the thigh to 
join with the saphenous vein about 5 cm distal to the saphenofemoral junction 
Other perforators near the midline posteriorly make direct connections with 
the short saphenous vein and indirect connections with the veins draining the 
gastrocnemius and soleal muscles (Fig 4) 

The last group of perforators (Fig 4) comprises the veins that make 
connection between the superficial veins (B'") and the short saphenous vein, 
on the one hand, and the muscular veins of the gastiocnemius and soleal 
muscles, on the other Only a few of these veins make direct union with the 
short saphenous, most of them connect with the very superficial secondary 
B' ' ' tributaries of both the long and the short saphenous systems They enter 
deeply, and within the muscles communicate with other muscular veins, ter- 
minating in larger veins which join the posterior tibial vein about a centimeter 
distal to the traditional saphenopopliteal junction As a generalization, there 
are four longitudinal lines of perforators , two are within tv''o centimeters of 
either side of the midline and the other two lines are three or more centimeters 
lateral or medial to the midline The most proximal of these is 45 cm , and 
the most distal one is 10 cm above the sole of the foot There are about four 
perforators in each of the three medial lines and only one or two in the 
lateral longitudinal line In the latter group the absence of perforator veins 
IS compensated for by drainage through the peroneal perforator veins 

Three principal findings resulted from these anatomic dissections ( i ) The 
main long saphenous vein (B' '), in the leg and foot, courses distally adjacent 
to the medial border of the tibia and is situated deep to a distinct fascial layer 
that IS continuous with the deep fascia of the thigh (2) The lower part of the 
short saphenous vein, although superficial to the tiaditional deep fascia of the 
leg, IS also deep to the fascia which is a continuation of the deep fascia of the 
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leg (3) The perforator veins of the leg and foot are numerous, and, in 
general, fit into a lathei easily established pattern 

SURGICAL APPLICATION 

The successful treatment of incompetent pei forator veins depends upon a 
full understanding of the patterns described, and especially of the character- 
istics of the saphenous tributaries B, B', B", B" ', the mid-Hunter canal per- 
forator system, the genicular plexus and the anatomic distribution of per- 
forator veins in the leg The significance of this understanding is illustrated 
by the observation that although the elimination of the deep, long saphenous 
stem B' and B ' ' disconnects the direct communication of the saphenous vein 
with the femoral or popliteal veins, it does not destroy the indirect connection 
through the accessory perforator veins (Q, Fig l) In like manner, in the 
leg, eradication of the mam long saphenous vein (B' ') disconnects direct 
communication of the saphenous vein (B") with the posterior tibial vein but 
does not eliminate the accessory perforator veins ( 0 , Fig 2) 

The surgical procedure based upon the information gamed from the ana- 
tomic studies described has, 111 our hands, improved the results of the therapy 
of varicose veins It consists of a combination of injection of veins, high 
ligation, elimination of the mam saphenous stem (B', B"), eradication of the 
mid-Hunter canal perforator vein, elimination of incompetent perforators 
connected with the genicular venous plexus and excision of all incompetent 
perforators in the leg or foot The judicious use of a sclerosing solution 
as an agent for the suppression of hemorrhage, especially in the lesser 
saphenous tributaries, is very helpful m controlling bleeding at the time ot 
operation 


PROCEDURE 

The patient is examined for evidence of systemic disease, peripheral 
arterial disorder and postthi ombophlebitic sequelae The piesence of edema, 
eczema, indurated areas or ulcerations is noted Much importance is laid on 
inspection and palpation of the limbs Large venous bulbs and especially 
defects in the fascia are sought, as these abnormalities often have been found 
to be the site of incompetent perforator vessels Their locations are recorded 
and, prior to operation, are identified by skin markings with a weak silver 
nitrate solution 

Minor varicose veins may be sclerosed by local injection previous to oper 
ation Under spinal analgesia or general anesthesia the saphenofemoral junc 
tion IS exposed and a standaid high ligation is performed In order to control 
bleeding more effectively, a retrograde injection of about 3 cubic centimeters 
of a sclerosing solution may’’ be injected into the saphenous vein In the 
majority of patients with double long saphenous veins, most of the tributaries 
at the upper end of the saphenous system arise from vein A (Fig i) A hg|i 
tion performed as indicated bj' M (Fig i) would leave the mam long sapi 
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enous vein B patent, and the opeiative proceduie would fail to accomplish 
its jDurpose 

The next step is the elimination of the saphenous and peiforator veins in 
the thigh Although incompetent perforator veins in the thigh are not com- 
mon, nevertheless occasionally huge perfoiators exist and the vein B", which 
lies undei the superficial la3^er of the deep fascia, must be diligently exiiloied 
for possible incompetent perforators If any are found they must be elim- 
inated A descnption of this proceduie was detailed in a previous article 
The next step consists of elimination of varices and incompetent pei f oratoi 
veins in the leg (Fig 2) An incision about 4 cm long is made on the innei 
aspect of the leg, just below^ the knee This is made obliquely, wnth the lateial 
end about 2 centimeters distal to the medial end Thus the veins B" and B' ' 
which w^ere previously removed from the thigh, are exposed From either or 
both of these veins superficial tributaries often course anteriorly or posteiioil}^ 
If they aie varicose they are excised In particular, the secondary tnbutaiy 
(B'") that courses posteriorly often connects with the short saphenous vein 
in the niid-calf aiea, and along its route incompetent perfoiators may be 
found They pierce the deep fascia and extend deep in the gastrocnemius 
muscle When present, they are dissected wnthiii the gastrocnemius muscle, 
wdiere the)'- are ligated and transected 

The main long saphenous vein (B") is grasped and examined for possible 
incompetent perforator veins 5 and 6, which are located about 35 cm and 
40 cm above the sole of the foot, appi oximately in the middle of the uppei 
third of the leg Vein B' ' is then followed distally, stripping the vein digitally 
and at the same time feeling for large perforator veins Very small competent 
perforators are broken off with the fingers, but over any incompetent per- 
forators a longitudinal incision is made and the perforator eradicated deepl}'^ 
Next, a longitudinal incision, 3 cm in length, is made about 25 cm above the 
sole of the foot at the medial bordei of the tibia (Fig 2) This incision allows 
B' ' to be picked up and perforators 3 and 4 examined As theie is a possibility 
of perforators not connecting directly with vein B", judicious use of the 
dissecting fingers and retractors wull aid m locating pathologic jierfoiatois 
This incision may be extended distally or proximally, as necessary 

For perforator No 2, a longitudinal incision is made about 19 cm above 
the sole of the foot and i cm medial to the medial border of the tibia, and 
this area is seaiched for secondary tributaries Such veins are meticulously 
follow'ed until one or more are found that course deeply, the deepei tnbutaiy 
very likely being the perfoiator Also very heljiful is the use of digital dissec- 
tion The subcutaneous tissue is stripped away from the deep fascia and eithei 
a w'eakness in the fascia can be felt or the perforator is located In hooking the 
index fingei around it as it emerges through the deep fascia 

Superficial secondarj' veins (B'") in this area can be followed distall} 
and posterioily and may connect with jierforator No i or with medially 
located calf perforators 
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Perforator veins located at a greater distance than i 5 cm medial to the 
medial border of the tibia, in this area, are usually gastrocnemius or soleal 
muscular perforator veins 

If perforator No i is suspected of being incompetent, a longitudinal 
incision IS made about 14 cm above the sole of the foot, 2 cm medial to the 
'medial bordei of the ti'bia (Fig 2) Superficial secondary veins (B"') are 
sought, especially the one that often makes connection between vein B' ' and 
the short saphenous (Fig 2) With meticulous dissection deeply penetrating 
veins are sought After eliminating this perforator, vein B' ' is stripped to a 
point about level with the ankle, where it is ligated and transected 

Attention is then given to perforators on the lateral aspect of the leg A 
longitudinal incision is made over previously marked sites and earned down 
to the deep fascia by blunt dissection The area is explored with the index 
finger, and the subcutaneous tissue is shipped away from the deep fascia, so 
that the finger is hooked about the offending perforator, which is then dissected 
for at least 2 cm below the deep fascia, where it is ligated and transected 
The next step is elimination of the rarely involved perfoiators at the medial 
or lateral aspect of the ankle or foot They are treated in like manner 

The patient is turned ovei and the marked sites on the calf are explored 
The perfoiator in this area must be followed deep within the muscle before 
ligating and transecting If the short saphenous vein is involved, it is ligated 
and transected at its junction with the popliteal vein, or if perchance no such 
connection appears to exist, at least the ligation is made adjacent to the pop- 
liteal artery All tributaries of the short saphenous must be ligated and tran- 
sected Occasionally, as a variation, a large short saphenous vein makes only 
a trivial connection with deep veins within the popliteal space It may course, 
first proximally on the posterior aspect of the thigh, and then medially to 
connect with the long saphenous vein 4 to 6 cm distal to the saphenofemoral 
junction W (Figs i and 2) If such a condition exists, it may be excised if 
desired, but the retrograde flow of blood is, of course, eliminated by the high 
ligation at the saphenofemoral junction 

Although not common, incompetent peif orators on the lateral or posterior 
aspect of the thigh occasionally exist If present, they should be ligated at a 
point deep beneath the fascia and if possible at their junction with a major 
vessel of the deep venous system 

In order to emphasize the meticulous care that must be exercised m order 
to efface reflux of blood through incompetent perforator veins, Figures 5 to 8, 
inclusive, are presented The method of treating perforators on the media 
aspect of the leg (perfoiators 1 to 6 inclusive) is illustrated by perforator 
pattern (Fig 5) Two perforators are depicted as emerging through the same 
fascial opening If the ligation should be performed at the indicated incorrect 
site, the reflux of blood would route itself through the accessory (Q) P^^ 
forator In order to secure success, the ligation must be made very deep 
beneath the fascia, at the point noted as the “correct site for ligation of per- 
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f orator” Figure 6 is similai to Figure 5 except that the possibility of the 
accessory (Q) perforatoi emerging fiom a different opening in the fascia is 
shown The behavior of the peiforators on the lateral aspect of the leg is 
indicated in Figure 7 The placement of the perforator is shown to be mainly 
in the intermuscular septum between the soleus and the gastrocnemius muscles, 
on the one hand, and the peioneus longus and bievis, on the other hand The 
correct site for ligation is shown to be very deep in order to eliminate reflux 
of blood through either the mam perforator or the accessory perforator (Q) 
vein This drawing also illustiates the connection of the peioneal perforators 


perforator pattern 


PERFORATOR PATTERN 



Fig S — Drawing illustrating method 
of treating incompetent perforator veins 
on medial aspect of the leg Two per- 
forators are shown as emerging through a 
single fascial opening If ligation were 
performed at the indicated incorrect site, 
the reflux of blood would route itself 
through the accessory perforator Q vein, 
as indicated by the arrows The ligation 
must be made very deep beneath the fascia 
at the point noted as the "correct site for 
ligation of the perforator” 


Muscular Iribu^anea 


Poslerior iibial 
veins 


Correct for 

ligohon of perforator 

Xncorrect site for 
lagation of perforator 


Traditional deep foecia 
I Accessory perforator 


•Mam perforator 



Fig 6 — Drawing illustrating method 
of treating incompetent perforator on the 
medial aspect of the leg This figure is 
similar to Figure 5, except that the possi- 
bility of the accessory Q perforator vein 
emerging from a different opening in the 
fascia is shown If the hgation were not 
performed at the indicated correct site, 
the reflux of blood would route itself 
through the accessory perforator Q vein, 
as indicated by the arrows 


with the veins draining the gastrocnemial and soleal veins In fact, the mam 
peroneal (P) vein ma)^ be absent, its function being supplanted by the Q vein 
near the lateral border of the gastrocnemius or soleus muscles Hence, in such 
exceptions, although the perforator (Q) vein must be followed through the 
muscle, nevertheless the correct site for hgation is the same as depicted m the 
drawing In this case the connection between the Q and gastrocnemic vein 
(G) must also be severed Figure 8 conceins the treatment of perforators 
m the calf of the leg Again it is to be observed that, in order to eliminate 
reflux of blood through incompetent pei forators, the dissection must be made 
deep within the muscle 

The futility of the so-called stripping procedure or eversion of the long 
saphenous vein by the Babcock probe method is illustrated by comparing 
Figure 9 with Figure 2 These drawings are identical except that in Figure 9 
the main long saphenous vein (B' ') has been removed Although some direct 
connections between the main long saphenous vein (B' ') and the deep veins 
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)iave been interrupted, the collateral and accessoiy perforator (Q) veins have 
been left intact and the procedure has failed to accomplish its purpose 

The operative time for one extremity is approximately three hours Usually 
both lower extremities are treated simultaneously, m which case the presence 
of at least one additional competent surgeon is advisable Teamwork is 
very helpful 

Following operation, the patient is wrapped from the groin to the ankle 
in roller gauze, and adhesive bandages are snugly applied m order to prevent 
swelling Because of the multiplicity of incisions, the patient is given 300,000 
units of duracillin every 12 hours from the time of admission until discharge 




CROSS SECTION OF LEG 

Soleuts and gaslT’ocnemius mixscles 


Poaier>ioi’ tibial vein 
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dhor>\ saphenous vem 
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peT>forsfor> 

P 


•CoPT’ect site for’ 
ligation 


Peroneus longus and br>evis 
Tibialis antemon Extensor*es digitoi’ um andballucis longus 


Fig 7 — Drawing illustrating a method of treating incompetent perforators on the 
lateral aspect of the leg The perforator is shown to be in the intermuscular septum 
between the gastrocnemius and soleus muscles, on the one hand, and the peroneus longus 
and brevis, on the other In order to prevent the reflux flow of blood through either the 
perforator P vein or the accessory perforator Q vein, the ligation must be made verj 
deep at the point noted as the “correct site for ligation ” The connections between the 
mam perforator vein, the accessory perforator Q vein, and the G veins draining the 
gastrocnemius and soleus are indicated The muscular G vein must also be ligated at 
point Z 


When sufficiently recovered from anesthesia, patients are instructed to move 
their legs vigorously in bed and are encouraged to walk The folioving 
morning all patients are thoroughly ambulated and are personally conducted 
up and down stairs They leaA^e the hospital the same day with verbal and 
printed instructions They'- are particularly instructed to v alk at least 5 
every'- 30 minutes during the day' Any ty'pe of activity'- is encouraged T!ie 
sitting position is not allowed for four weeks, except for short intervals to 
partake of meals When tired, they he doivn They- are also informed that a 
temperature up to 102 degrees Fahrenheit is not unexpected 
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DISCUSSION 

Recent surgical expeiience since 1944 has confirmed the belief that a new 
method of thinking is essential to adequate conection of varicosities The 
present commonly accepted procedure of high ligation with or without retro- 
grade injection, although of considerable benefit 111 some patients, leaves veiy 
much to be desired It is believed that to obtain ideal results a much more 
radical surgical approach is necessary 

I do not agiee with the opinion that incomplete filling of veins in 30 or 
more seconds as observed in the Trendelenburg '‘positive” tests indicates the 

LONGITUDINAL SECTION OF CALF 



Fig 8 — Drawing illustrating method of treating incompetent 
perforator veins in the calf In order to prevent reflux of blood 
thiough the accessory Q vein, the ligation must be deep witbin the 
muscle at the point designated as “correct site for ligation ” 


absence of incompetent perforatoi veins in the leg or thigh ’’ Indeed, about 
95 per cent of the surgicall)'^ treated cases were Trendelejiburg “positive” and 
in 823 out of 901 lower extremities obvious pathologic peiforator veins vere 
found (Table I) 

The failure of high ligation entirel)? to prevent lecurrences of varicose 
veins was correctly believed to be due to incompetent perforators below the 
saphenofemoial junction During multiple tourniquet tests the fact that the 
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filling of veins occurred much less rapidly when the tourniquet was placed 
below the knee than when placed at the groin resulted in the assumption that 
most of the deficiency was due to incompetencies in the thigh The failure of 
the multiple tourniquet tests to locate the incompetent thigh perforators^ led 



Fig 9 — Drawing illustrating the futility of the 
so-called stripping procedure This figure is identical 
with Figure 2, except that the mam long saphenous 
vein B ' ' is pictured as being excised The direct con- 
nections between the deep veins and the main long 
saphenous vein B' ' are interrupted , nevertheless the 
collateral and accessory perforator Q veins are undis- 
turbed The reflux of blood through the incompetent 
leg perforators is not altered and the procedure fails 
to accomplish its purpose 

All measurements start from the sole of the foot 


to further anatomic and surgical studies These explorations levealed that 
incompetencies m the thigh are lelatively rare (about 9 per cent) and there- 
fore could not be responsible for the inadequate results so frequently observed 
(Table II) Similar studies on the leg, lioivever, showed incompetent per- 
forator veins to be very common and often of huge size These latter findings 
adequately explain the frustration experienced by many of us when attempting 
to locate incompetent perforators in the thigh Thej^ seldom existed 

The number of incompetent perforators in a single extremity varies The 
largest number found was 14, the smallest, one The numerical and percentage 
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distribution of incompetent perforators is detailed in Table II The most 
common offender is perforator No 2 (348 per cent) The high incidence of 
incompetent short saphenous vein (15 2 per cent), perforator No 3 (19 8 per 
cent) and perforator No i (166 per cent) should be noted On the lateral 


Table I — Distnbuhon of Incompetencies tn Operated Cases 


Number of patients 482 

Number of lower limbs 901 

Number of right lower limbs 452 

Number of left lower limbs 449 

Number of lower limbs with perforators 823 

Number of lower limbs without perforators 78 


aspect of the leg, as shown m Table II, most incompetent perforators are 
found m or near the intermuscular septum between the gastrocnemius and the 
soleus muscles, on the one hand, and the peroneal muscle group, on the other 
The perforators most often responsible for the nonhealing of ulcers m order 
of importance are perforators Nos 2, 3, i and the short saphenous vein 

It IS very important to realize that there is no known key vein governing 
vulval varicosities The incompetent perforator or perforators responsible 
for this reflux flow of blood cannot be eradicated and consequently it is 


Table II — Distubution of Incompetent Peiforatoi Vessels on 901 Lower Limbs 


Number 

Right 

Per 

Cent 

Number Per 

Left Cent 

Saphenofemoral junction. 

452 

100 

449 

100 

Saphenopopliteal junction 

67 

15 

70 

15 

5 

Mid-Hiinter canal perforator 

31 

7 

29 

6 

7 

Genicular perforators 

13 

2 9 

9 

I 

6 

Lateral thigh perforators 

8 

1 8 

6 

1 

3 

Perforator No 1 

72 

15 9 

77 

17 

3 

Perforator No 2 

155 

34 3 

158 

35 

2 

Perforator No 3 

90 

20 

85 

19 

6 

Perforator No 4 

59 

13 

57 

12 

7 

Perforator No 5 

30 

6 6 

31 


7 

Perforator No 6 (PP') 

19 

4 2 

14 

3 

1 

Perforators in calf 

54 

12 

50 

11 

2 

Perforators between gastrocnemic and peroneal muscles 

113 

25 

108 

24 

Perforators between tibialis anticus and peroneal muscles 

14 

3 1 

12 

2 

9 

Perforators lateral border of tibia 

1 

02 

2 

04 

Lateral foot perforators 

9 

2 

11 

2 

4 

Medial foot perforators 

16 

3 5 

'12 

2 

9 


obviously unwise to operate on women m the child-bearing age ® The oper- 
ation does no harm, but subsequent pregnancies dramatically demonstrate the 
futility of the procedure After the menopause, m order to alleviate the 
varicose condition, the suggested operation may be performed, with the 
realization that the results are not entirely satisfactory 

Although 1,367 radical surgical dissections have been made, adequate 
knowledge of perforator veins in the leg has only been attained since the 
latter part of 1944 Accordingly, the surgical results are based only on these 
recent cases (Table III) The failure to achieve perfect results can, m most 
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cases, be tiaced to one or more incompetent peifoiatois, usually small, that 
were overlooked during the operation In the entire group of varicose-vein 
patients no deaths or massive hematomas have occurred There were 23 mild 
infections and 3 lather severe infections Seven mild embolisms occurred 
Six of these had, as the only symptom or physical finding, a slight lancinating 
pain in the chest of two or three days’ duration The seventh patient, Avho 
had slightly bloody sputum, was without symptoms after two weeks The 
average time of hospitalization was 2 14 days All patients were walking 


Table III — Study of Cases 3, 

2 and 1 Yeats, Respectively, Aftei 

Opeiation* 


Right Limb 

Lett Limb 


1 Year 2 Years 3 Years 

1 Year 2 Years 

3 Years 

Number of cases 

157 98 58 

154 96 

56 

Average per cent improvement 

98 6 97 8 97 6 

98 1 97 5 

97 3 

19 cases possessing vulval varicosities and 9 cases of preoperative thrombo phlebitic 

sequelae not classified 





within 28 hours after operation The average time of returning to work was 
15 days Ace bandages are worn until all edema subsides (about six Aveeks) 
As a result of these studies I have become convinced that the efficacy of 
any treatment of varicose veins is in direct proportion to the ability of the 
operatoi to eradicate incompetent perforator veins wherever they are located 

SUMMARY 

1 A general scheme of aiiangement of the saphenous systems in the leg 
exists, and locations of peifoiatoi veins are fairly constant 

2 The occurrence of a heretofore unrecognized location of the mam 

saphenous vein and loAvei portion of the short saphenous vein betw'^een deep 
fascial layers is described ^ 

3 Incompetent perforator veins aie relatwel}^ rare in the thigh 1 

4 Incompetent perforatoi veins are very common in the leg, and one of 
the usual interpretations of the Trendelenburg “positive” test is challenged 

5 Suggestions are made for what appears to be a more effective operative 
theiapy 
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CHRONIC STENOSING REGIONAL ENTERITIS 
SURGICAL PATHOLOGY AND EXPERI- 
ENCE IN SURGICAL TREATMENT* 
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Philadelphia, Pa 

FROM THE DEPARTMENT OF SURGERT OF THE GRA.DU'VTE SCHOOL OF MEDICINE OF THE UNIVERSITY OF 
PENNSYLVANIA AND THE GRADUATE HOSPITAL OF THE UNIVERSITY OF PENNSY LY'ANIA, 

In 1934, two years after the original description of regional ileitis 
Ciohn, Ginzburg and Oppenheimei,^ our first opportunity to opeiate on such 
a case arose In the following 14 years, we have operated on 30 patients with 
regional enteritis or ileocolitis In conjunction with the Department of Gastro- 
enterology of the Graduate Hospital, we have carefully followed the progress 
of these patients With the passage of time, we have had a splendid oppor- 
tunity to appraise the results of the therapy of the earlier cases The imme- 
diate results were very encouraging However, with longer and more ade- 
quate follow-up, it became evident that the good results were not always 
permanent We were forced to reoperate upon many of these patients 
because of recurrences or progression of the disease Others manifested clinical 
or roentgenographic recurrences, but were maintained by intensive medical 
regimens These recuriences took place, in spite of the fact that we employed 
a very radical operative approach and performed resection of the diseased 
bowel whenever possible 

Since the description of the disease by Crohn et al and the histologic 
description by Hadfield,^ very little has been added to our undei standing of 
the etiology or pathogenesis of regional enteritis A review of the pathology 
as we have seen it might therefore be of interest From our observations of 
the gross and microscopic pathology, w^e believe that regional enteritis, ileo- 
colitis, and regional colitis are manifestations of the same disease in different 
segments of the intestine This does not include ulcerative colitis which first 
involves the sigmoid or rectum m 95 per cent of the patients^ and is a differ- 
ent entity clinically and pathologically 

In our series, we have seen five types of the condition classified as to loca- 
tion They are regional duodenitis, jejuno-ileitis, terminal ileitis, ileocolitis 
and regional colitis In four patients, the lesions have been confined to the 
jejunum or ileum (not terminal) Eight patients had involvement of the 
terminal ileum Fifteen cases were examples of ileocolitis In two patients, 
the site of involvement was limited to a segment of the colon, and in these 
there was no disease in the sigmoid-rectum characteristic of distal ulceratne 
colitis In one case, the duodenum w^as involved m a process wdnch grossly 
resembled chronic stenosing regional enteritis To our knowdedge, a lesion 
of this nature m this area has not been reported previously 

“ Presented before the Philadelphia Academy of Surgerj', Philadelphia, Penns> hania, 
November i, 1948 Submitted for publication March, 1949 

233 



HAWTHORNE AND FROBESE 


Annals of SutEery 
August 1949 


We have recognized three phases of this condition the acute, the chronic 
and the chronic with complications 

The mimicry of acute appendicitis by regional enteritis is well known We 
have operated upon patients foi acute appendicitis and found the appendix 
normal, but the ileocecal area involved in the acute phase of regional enteritis 
In one, the serosa of the distal ileum was markedly hyperemic, its texture was 
fine granular, the subserosal tissues weie edematous, and the glands m the 
adjacent mesentery were enlarged and hypeiemic Appendectomy did not 
relieve this patient of her symptoms, and roentgenographic survey a month 
later confirmed the presence of ileocolitis 

The abdomen in the acute phase usually contains a small amount of free 
fluid This may be serosanguineous, clear, or turhid, depending upon the 
presence of exudate The site of involvement may be any of the four pre- 
viously described The serosal vessels are injected and the bowel is fiery red 
and the serosa is covered with a thin fibroplastic exudate The diseased loops 
“stick” together with thin friable, fibrinous adhesions and the wall of the 
bowel IS definitely edematous The mesentery of the involved segment is 
hyperemic and moderately edematous, and its surface seems to "weep” fluid 
The mesenteric glands are enlarged and congested, though the degree of 
enlargement varies, and some may attain a diameter of 2 cm The color of the 
glands ranges from pale pink to deep red or a violaceous hue In some 
instances, these enlarged glands are confined to the mesentery of the diseased 
segment of intestine , in others, they may be widely scattered throughout the 
entire mesentery from its base to its bowel attachment We have not observed 
the acute phlegmonous tj^pe with perforation as described by Homb ® 

Histologic descriptions of the acute phase have been few because resection 
of diseased bowel is not attempted at this time Homb'’ describes the picture 
as an infiltration of all layers by inflammatory cells lymphocytes, leucocytes 
(many of them eosinophilic), large mononuclear and plasma cells This is 
characterized by an enormous edematous thickening of the submucous coat 
and dilatation of the vessels is noted The mucosa in this stage may be intact, 
or shallow ulcerations filled with mucopurulent debris may be present, though 
usually small 

In one patient, we made a preoperative diagnosis of subsiding acute appen- 
dicitis and found, at laparotomy, an acute ileocolitis which appeared to be 
subsiding The lesion was resected contrary to our usual practice When the 
bowel was opened, three large ulcers were found, just proximal to the ileocecal 
valve, the smallest of these measuring 1 cm in diameter and the largest 
2 cm The edges were not overhanging, the bases were shallow and 
with mucopurulent exudate, and the mucosa between was hyperemic an 
markedly edematous No evidence of involvement of the subserosal lymph- 
atics was present 

When the chronic phase of this disease is reached, the gross picture 
changes The involved bowel is thickened and stiff, and it has been adequately 
descnbed as “hose-hke ” The serosal surface may be covered with a fibfO- 
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plastic exudate as seen m the acute phase, but often this has become organized 
into thick fibrous tissue which is contracted and stenoses the bowel A striking 
feature is the overgiowth of the mesenteric fat on the serosal surface, which 
tends to encircle the diseased segment of small bowel , and frequently none of 
the antimesenteric border is visible in the area of greatest involvement We 
have not observed this m the colon The bowel proximal to the stenotic area 
may appear to be entirel}’- normal, or, if some obstruction exists, it will be 
dilated The change can be an abrupt one Usually this proximal bowel is 
hyperemic for a few inches orad and has some sticky exudate on its serosal 
surface 

Palpation of the involved area in a classic case reveals a “rubbery” or 
“boggy” feel, with marked thickening, and the lumen seems absent This can 
be compared to the normal, soft, velvety feel of the bowel above In Crohn’s 
original description, this was most marked in the ileum adjacent to the ileo- 
cecal valve , however, we have observed marked involvement in other portions 
of the jejuno-ileum or colon We have seen as many as five different areas of 
involvement in a single patient, each separated fiom the othei by normal ileum 
The occurrence of these so-called “skip areas” is well recognized 

The mesentery of the diseased bowel is usually thick, edematous, and rub- 
bery The mesenteric vessels aie not visible, and in cases with extreme thick- 
ening, the pulsations may not be palpable The nodes are almost always 
enlarged as in the acute phase, and they are discrete, soft and fleshy 

When the bowel is opened, the mucosa appears hemorrhagic, the vilh 
edematous and bulbous, and this hypertrophy gives a “cobblestone” appear- 
ance to the mucosa The hypertrophy may be so marked that the mucosa is 
polypoid Varying amounts of mucosal ulceration and destruction are present 
and the ulcers are often shallow, discrete and contain a dirty grey necrotic 
exudate These ulcers tend to occur on the mesenteiic side of the lumen, but 
we have seen them at any location on the wall In the areas of greatest ulcer- 
ation, the induration and cicatrization of the bowel wall are most marked 
There may be regions of attempted healing of the mucosal defects, and here 
the mucosa is atrophic, flat and glistening 

The thickening of the bowel is tiemendous and gives rise to a marked 
narrowing of the lumen Giossly, all coats are thickened but the submucosa 
shows the greatest increase As one passes up the bowel, there is a progressive 
enlargement of the lumen and deciease in breadth of the wall The limits of 
the overgiowth of the antimesenteiic fat often coincide with a termination of 
the mucosal ulceiation and bowel thickening 

The chronic stage may be complicated by the presence of obstruction 
peritonitis, abscess formation and fistulas Obstiuction has its origin in con- 
tracture of the stenotic areas, and dilatation and edema of the proximal bow el 
is noted Peiitomtis of the spreading type from a free perforation has not 
occurred in our series , the extreme thickening of the submucosa probabi} 
forms a strong barrier against rapid perforation of an ulcer Perforations 
usually occur late in the course of the disease and are walled off to form a 
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localized abscess Burrowing into the mesentery is common This abscess, 
together with the involved ileum and mesentery, forms a rather firm inflam- 
matoiy mass which may be in the pelvis oi along the vessels in the iliac fossa 
These abscesses may perforate into adjacent bowel loops that are matted 
together and result in internal fistulas, and these may invade any of the 
hollow visci , m one case, an ileosigmoid fistula was present These fistulas 
may burrow externally thiough the abdominal wall 

The appraisal of the extent of colonic involvement in ileocolitis has not been 
easy in many of our patients At times, the terminal ileum and cecum show 
distinct evidence of advanced disease, but there is no abrupt termination of 
the process in the colon when external examination is made There may be a 
slight suggestion of congestion and edema of the wall of the colon with no 
involvement of the mesentery, yet when this colon is opened, its mucosal 
surface may abound with small ulcerations This was met with in one of our 
recent cases 

The colon that is extensively involved will show the same thickening and 
contraction of the wall as is seen in the small intestine, and fibroplastic or 
fibrostenotic exudate may appear on its serosal surface In our experience, the 
mesentery is not as thick and edematous , it often is firm and shortened due to 
fibrosis The presence of visibly affected glands varies, and in several of our 
patients with advanced colonic disease, only minimal lymph gland involve- 
ment was noted In one case of ileocolitis, the right half of the colon was 
much more destroyed than was the terminal ileal segment, yet the lymph 
glands m the mesentery of the small intestine manifested the greatest enlarge- 
ment and inflammation 

The complete classical picture of the gross pathology is not present m 
every case It should be stressed that many variations occur and are a source 
of confusion in the determination of the limits of the disease Perhaps this con- 
tributes to the high rate of recurrence following resection because the lesion is 
not always completely eradicated For example, some cases do not shou 
marked thickening and narrowing of the bowel, but have a soft, flabby wall 
with no diminution m the size of the lumen, and serosal exudate may be 
entii ely lacking One may see great thickening of the mesentery with little or 
no overgrowth of fat on the serosal surface of the bowel Lymphadenopatby 
may range from minimal to widespread Fuitherinore, the picture in the 
chronic stage may be complicated by a superimposed acute exacerbation of 
the process 

The microscopic appearance of the bowel wall in chronic stenosing regional 
enteritis has been most adequately described by Hadfield ~ He has stressed 
the thickness of the submucosal coat as being directly proportionate to the 
thickness of the bowel wall, and has stated that hypertrophy of the muscular 
coat IS inconstant and variable in degree and is usually prominent onl} m the 
late stages of the disease The submucosal lesion is characterized by hyper- 
plasia of the lymphatic tissue and an obstructive lymphedema, the former being 
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non-specific in type He emphasized the replacement of the germinal centers 
making up a nodule of lymphadenoid tissue by a marked proliferation of the 
reticulo-endothehal cells In the middle of these cell systems, Langhans’ type 
of giant cells aie often seen These cleai-cut giant-cell systems resemble 
inihaiy tubeiculosis without caseation The same picture is noted in the avail- 
able lymph glands As mucosal ulceiation progresses, secondary inflammation 
occurs, and the giant-cell systems may be obscured by a secondary lymph- 
adenitis characterized dififuse inflammation and fibrosis 

In some of our cases, the mucosal lesion has been sti iking Aside from the 
superficial ulcerations with dififuse cellular exudate and secondary inflamma- 
tion of the ciaters, other changes of the mucosa are noted Mucosal hyper- 
trophy IS often a prominent feature and this is particularly marked in the 
vilh, wheie hyperemia and new blood vessel foimation may be seen Regions 
of interstitial hemorrhage may be evident, and fibroplastic activity is present in 
the mucosal layer, which ma)'’ be m degree enough to amount to frank scar 
foi mation 

This histologic pictuie has not been limited to the small intestine and its 
mesenter}^ m our cases of ileocolitis We have identified the same lesion in 
the colon and its mesentery The hyperplasia of the lymphoid tissue is not as 
marked as in the terminal ileum because of the piogressive decrease m the 
amount of l}mphoid tissue in the submucous coat of the colon from the 
cecum caudad 

In considering the surgical treatment of this disease, it is necessary to 
define the stage of the pathological process that is, the acute or the chronic 
phase with or without complications A remission of the acute stage can often 
be obtained by rigorous medical management if an abscess or obstruction has 
not developed Even when these complications arise, there is occasionally a 
subsidence of the acute phase while the patient is being prepared for oper- 
ation A regression of the acute stage is not always followed by stenosis or 
other sequelae Some do not progress to obstruction, abscess formation or 
fistuhzation It is in this category that we believe iigorous medical manage- 
ment, as outlined by Bockus,® may have as much in its favor as surgical inter- 
vention No operation should be attempted in a patient known to be in the 
acute stage of this condition without complications 

In the cases that simulate acute appendicitis, exploration is advisable to 
rule out a pathological process in the appendix If the appendix is found to 
be normal, and an uncomplicated acute ileocolitis exists, it is best to terminate 
the procedure Many believe that removal of the appendix under these cir- 
ig often followed by fistulas because the disease is actually present 
cecal wall and is not recognized Because of the likelihood of remission 
and the lack of preparation of the patient, v e do not ad^ ocate resection of the 
lesion during this stage In fact, three of the 17 cases reported by Pugh" were 
of this type and all subsided after laparotoni} w ithout definitive surger\ If the 
picture is complicated by an aliscess, drainage is necessary 
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In the surgical management of the chronic stage, two types of operation are 
employed One consists of resection of diseased bowel and primary anasto- 
mosis The other procedure is a transection of the ileum above the site of the 
lesion and anastomosis of the normal ileum to the colon distal to the lesion 
The ileal stump just above the lesion can be closed or it can be brought out 
through a stab wound as a mucous fistula to act as a safety-valve if the 
terminal ileum is partially obstructed 


Table I — Results of Radical Resection 


Total number of resections 

24 

Operative deaths 

2 

Cases followed less than 1 year 

7 

Cases closely followed from 1-14 years 

9 

IS 

Number of proved recurrences 

11 

Recurrence rate 

73% 


In our earlier experience with this disease, we assumed that wide excision 
of the involved ileum or colon would result in a cuie A long segment of 
terminal ileum approximately two feet above the level of the disease and the 
proximal half or two-thirds of the colon were usually resected In two 
patients, all of the ileum and right half of the colon wei e removed The mesen- 
tery was excised as close as possible to its base It was often impossible to 
remove every vestige of thickened mesentery and involved lymph glands with- 
out endangering the blood supply to the remaining bowel We thought that 
removal of the diseased bowel would allow the process in the remaining 
mesentery to subside An eaily favorable response to this type of operation 
caused us to continue with the method of attack, however, later follow-up 
observations revealed that recurrences took place after the most radical 
resections 


Table II — Tune Elapse Betzveen Resection and Recun ence 

1-2 years 

Number of Cases 

S 

2-3 years 

3 

3-S years 

1 

S-10 years 

2 

Total 

11 


Resection of the diseased bowel was performed in 24 of the patients with 
two deaths — an operative mortality of 8 3 per cent Five of the 1 esections 
have been followed for less than a year and should be excluded from the 
series when results are considered This is important because all but one 0 
our recurrences took place after one year had elapsed One patient died 0 
malnutrition one month after operation, and another patient was committe 
to an asylum and lost for follow-up purposes There remain 15 patients v 0 
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have been carefully followed from one to 14 years Eleven recuirences, based 
on clinical and roentgenograpliic examination, have taken place in those 15 
cases — a recurrence late of 73 per cent (Tables I and II) 

These discouraging results have caused us to modify our views , and in the 
past two years we have elected to use ileocolostomy with exclusion of the 
diseased bowel in six cases The lesults of Gailock® and Colp^ with this type 
of opeiation have been exceptionally good, and the surgical mortality from 
this operation is very low 

The cases of chronic stenosing regional enteiitis which are classified as 
complicated are best treated by the short-circuiting and exclusion operation 
The case with a large abscess walled off by adjacent loops of diseased bowel 
and complicated by an infiltrative process m the mesentery cannot be resected 
safely Large obstructing inflammatory masses can also be treated by a side- 
tracking operation with less hazard Similarly, when the diseased bowel is 
densely adherent to the posterior parietes or to the vessels along the lateral 
pelvic wall, it IS unwise to attempt a resection Internal and external fistulas 
are further indications for ileocolostomy with exclusion 

The SIX cases m which we performed this type of operation were all com- 
plicated ones Two had had radical resections before but had developed 
recurrences In addition, a gastro-jej unostomy was performed on the patient 
with duodenal involvement Four of these remain symptom free after a two 
year follow-up In one case, a transection of the teimmal ileum and ileotrans- 
verse colostomy with exclusion was performed One year later there was a 
definite recurrence m the ileum proximal to the anastomosis She was 
reoperated upon and the ileum was transected above the site of the recurrence 
and anastomosed to the distal transverse colon The distal stump of transected 
ileum was brought out as a mucous fistula The inflammatory mass present in 
the right iliac fossa at the first opeiation had entirely disappeared All gross 
evidence of disease in the excluded ileum had disappeared This section of 
bowel was found to be soft and collapsed and the serosa was pale and shiny 
No enlarged glands were present in the mesentery The entire colon appeared 
normal Six months after the second operation, her disease again became 
active, and roentgenographic study revealed a second recurrence at the anasto- 
motic site She was again explored, and the colon distal to the anastomosis 
was markedly involved This is of interest because the process had previously 
been confined to the small bowel, but recurrence took place in the colon An 
ileostomy was necessary to divert the fecal stream from the diseased bowel. 
She died three months later of inanition 

The presence of widespread mesenteric lymph gland involvement is an 
indication for the exclusion operation Cases with extensive involvement of 
the small intestine or multiple **skip areas” should be treated conservatively 
One of our cases was operated on by a surgeon well trained in the recognition 
of this process Four skip areas were present in the ileum, therefore, he 
closed the abdomen without any surgical attack on the lesions She was treated 
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medically for three years and finally died following our attempt to relieve a 
multiple obstruction We believe that his keen judgment allowed this patient 
three years of uncomplicated suivival 

Occasionally a case with involvement of the colon from the ileo-cecal area 
to the sigmoid is seen In such a case, we elect to do an ileostomy well above 
the site of the disease in the ileum If the lesion becomes quiescent and does 
not progress into the distal sigmoid, restoration of bowel continuity by ileosig- 
moidostomy may be attempted It is wise to observe these cases for a period 
of two to thiee yeais before restoring the continuity of the bowel One case 
had an extensive enteritis in the terminal ileum complicated by an obstiucting 
mass adherent to the sigmoid colon The sigmoid was involved by contiguity 
An ileostomy was made above the lesion He improved markedly, and three 
j’^ears later, he insisted that the ileostomy be taken down At the second oper- 
ation, the distal sigmoid was found to be paitialiy obstructed by scai tissue 
Therefore, the terminal ileum w^as anastomosed to the ascending colon, and a 
colostomy proximal to the sigmoidal obstiuction was performed We reasoned 
that a left-sided colostomy would be easier for the patient to care for than a 
high ileostomy, and the colon from the cecum to the sigmoid had been free of 
involvement At the second laparotomy, it was noted that the excluded ileal 
segment which had been badly diseased, appeared normal The mass along 
the sigmoid and the fistulous tracts had all disappeared The only evidence 
of old inflammation was the contracted scar on the distal sigmoid colon 
When the abdomen was opened at the second operation, the ileum proximal 
to the ileostomy appealed normal However, after the slight trauma of 
inspection and palpation, the serosal surface became edematous and hemor- 
rhagic Therefore, a segment 35 cm m length above the ileostomy was excised 
and the remaining ileum w^as anastomosed to the ascending colon When this 
resected segment of ileum was opened, small mucosal ulcerations were noted 
and microscopy revealed the typical tubercle-hke nodules in the lymphoid 
tissue of the subinucosa We believe that this man will have a recurrence at 
the anastomotic site 

^ ST7MMART 

1 The surgical patholpgV of chronic stenosmg regional enteritis as we 
have observed it has been reviewed 

2 In our early experience with this disease, we performed radical resec- 
tion of the diseased bowel with the hope that a cure wmuld result In the 
ensuing years, recurrences took place in such a large percentage of the cases, 
that we are convinced that resection is no longer the procedure of choice 

3 The less radical procedure advocated by Garlock has accomplished as 
much, and even though we have had recurrences from this type of operation, 

It IS attended with much less morbidity and mortality 

4 It IS difficult to understand our large percentage of failures following 
resection when the results are compared with those from other clinics prac- 
tising resection Our cases have all been carefully followed by the Depar - 
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ments of Surgery, Gastroenterology and Radiology Under such close scrut- 
iny, some who were clinically well were eventually found to present some 
evidence of recurrence We can onty assume that longei and more intensive 
follow-up surveys m senes from other clinics will reA'^eal a higher recur- 
rence rate 

5 As a result of our experience with this condition, we believe that 
surgical intervention should be confined to those cases complicated by obstruc- 
tion, abscess, fistulas, and those m which a most thorough medical regimen 
has- failed 
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FURTHER EXPERIENCES WITH STREPTOMYCIN THERAPY 

IN PERITONITIS* 

Major Edwin J Pulaski, M C , U S A , 

Captain Arthur B Voorhees, Jr , M C , A U S 

AND 

Colonel Sam F Seeley, M C , U S A 

PROM THE SURGICAL RESEARCH UNIT, BROOKE GENERAL HOSPITAL FORT SAM HOUSTON TEXAS 

This study of streptomycin m the treatment of fecal peritonitis is a 
continuation of a preliminary reporP published in December, 1947 The 85 
cases upon which it is based include 54 of the cases analyzed in the earlier 
report All data, as m the first report, are derived from case histones sub- 
mitted to the Office of The Surgeon General as part of a special study of 
streptomycin in various Army installations 

Certain of the points made and certain of the literature cited in the 
introductory remarks to the first report might properly be repeated here 
( I ) Peritonitis resulting from perforation of hollow viscera is a polybactenal 
infection caused by a variety of aerobic and anaerobic bacteria, chieflv 
Escheitchtu coh, aerobic and anaerobic nonhemolytic streptococci, and Clos- 
tridia (2 ) The reduction recently evident in the mortality rate of peritonitis 
represents the summation effect of chemotherapy (antibiotic theiapy), intes- 
tinal decompression, and the correction of fluid and electrolyte imbalance and 
of protein depletion, not the effect of chemotherapy or antibiotic therapy alone 
Experimental and clinical studies by various observers permit certain 
conclusions as to streptomycin therapy According to Silvani,^ streptomycin 
has no demonstrable prophylactic or therapeutic value in canine peritonitis 
and sodium sulfadiazine in large dosages is equally ineffective, though peni- 
cillin in large dosages affords considerable protection The beneficial effect of 
penicillin therapy seems to he in the eradication of gram-positive bacteria, 
when this has been accomplished, gram-negative bacteria, which are relatively 
non-invasive, disappear spontaneously 

Lockwood® defines peritonitis as a local disease which produces a profoiiu 
systemic reaction and, in effect, causes death by shock The methods 0 
treatment which have been conspicuously effective all increase the patients 
tolerance to the shock-producing factors in the disease The most important 
of these measures are deliberate, careful preoperative preparation, correctiof^ 
of perverted metabolic, electrolyse and water balance , the use of blood, plasm^ 
and oxygen , gastrointestinal decompression , and the administration 0 
chemotherapeutic and antibiotic agents Obviously, as Lockwood points ou^ 
it IS exceedingly'^ difficult to evaluate in any mathematical way the relatn e sig^ 
nificance of any one of these therapeutic measures, inclu ding the use^ 

* Submitted for publication, December 1948 
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chemotherapeutic and antibiotic agents In his opinion the important role of 
the latter agents can be explained by then ability to modify the seventy of 
the toxic reaction of the host to bacteria and bacterial products in the peri- 
toneum One of these effects, their ability to interrupt bacterial synergism, 
IS of outstanding significance in fecal peritonitis, even though the drugs may 
not be active against all the flora present in a given case, their ability to 
restrain the activity of gram-positive cocci seems to modify the tendency of 
the disease to spread A second important factor is the ability of the sulfon- 
amides and penicillin to limit the production of bacterial toxins and thus 
minimize that amount which the patient must absorb 

ANALYSIS OF DATA 

The 85 cases of peritonitis reported in this communication represent a 
collection begun in January, 1946 They form a heterogeneous group in 


Table I — Result of Streptomycin TJieiapy in 

Fecal 

Pei ifonitis 

Therapy 

Type of Peritonitis 

Good 

Negative 

Streptomycin alone 

Spreading 

8 


1 


Local 

4 


5 


Total 

12 


6 


% of Total 


67% 

33% 

Streptomycin and penicillin 

Spreading 

31 


8 


Local 

20 


8 


Total 

51 


16 


% of Total 


76% 

24% 


respect to age, etiology, scheme of dosage and duration of therapy All 
received comparable management Many of the more desperately ill patients 
were given combined therapy at the beginning of treatment to provide for 
maximum coverage While the age range was from 2 to 62 years, 66 patients 
were between 17 and 30 years of age and only 14 were over 45 years of age 

The origin of the infecting organisms is best classified according to the 
level offthe gastrointestinal tract affected In the majority of cases involving 
the large bowel (59) the infection originated in the appendix In the small 
bowel the pathogenesis was variously volvulus of the jejunum, entrance into 
the small bowel, as the result of trauma, duodenal ulcer, Meckel’s diverti- 
culum, and an infection following pancreaticoduodenectomy Gastric lesions 
lesulted fiom perforation of peptic ulcers and traumatic perforation of the 
stomach 

The type of peritonitis foi the sake of simplicity, was classified as 
sp} coding, in which the piocess w'as earl}"^ or was so massive that the normal 
foices of localization w^ere not apparent, and local, m which localizing forces 
w ei e evident 
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Results (Table I) are grouped into two categories, one indicating definite 
benefit from the therapy given (Good), and the other indicating questionable 
or no benefit (Negative) Criteria of a good result include (i) the establish- 
ment of a downward trend m the temperature curve within 48 hours of the 
institution of the drug or drugs, and the absence of any subsequent rise 


Fig I 
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Fig I — Temperature chart in acute gangrenous ap- 
pendicitis with perforation and abscess formation man- 
aged by operative intervention and combined therapy The 
temperature fell immediately after operation and recovery 
was uncomplicated 

Fig 2 — ^Temperature chart in ruptured appendicitis 
managed by operative intervention and combined therapy 
Although large quantities of pus were found in the peri- 
toneal cavity, the temperature established a downward 
trend within 48 hours of the institution of therapy, post- 
operative distention subsided rapidly, and recovery was 
uncomplicated 
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Fig 3 
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Fig 4 

Fig 3 — ^Temperature chart in severe trauma (gun- 
shot) with multiple perforations of stomach and small 
bowel and gross contamination of the peritoneal cavity 
The postoperative course was stormy and temperature 
elevations continued although penicillin had been begun 
immediately after operation Streptomycin was begun on' 
the eighth postoperative day but was discontinued after 20 
days because there was no appreciable response The 
failure of antibiotic therapy in this case may be attributed 
to any one of several factors, including overwhelming 
sepsis, tardy initiation of streptomycin therapy, or failure, 
because of undrained pus, to achieve and maintain effective 
drug levels in local areas 

Fig 4 — Temperature chart in ruptured appendicitis 
with spreading peritonitis, 111 which streptomycin and 
penicillin were begun immediately after appendectomy 
Fever persisted, and on the fourth postoperative day a 
wound infection became evident A pelvic abscess was 
drained on the thirteenth postoperative da}-^ Although the 
reason for failure in this case is obscure, it is probably 
the o\ erwhelming infection combined with failure to main- 
tain effective drug levels 111 areas of undrained pus 
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attributable to infection, (2) a definite regression, within 48 hours of the 
institution of therapy, of the pathologic process as demonstrated by reduction 
m the severity of the paralytic ileus and of the subjective symptoms of toxicity 
(3) absence of any of the postoperative complications common in peritonitis, 
such as pelvic and subdiaphragmatic abscess, fecal fistula and wound infection 
A result was listed as negative if one or more of the criteria of a good result 
was not fulfilled The assessment of results, it should be emphasized, was 
entirely from the standpoint of whether or not they could be attributed to the 



Fig 5 ~Temperature chart in perforated appendicitis with 
massive spreading peritonitis Streptomycin and sulfadiazine 
were begun immediately after operation, and the response was 
satisfactory, but they were discontinued too soon and a pelvic 
abscess formed, which was drained on the twenty-first day 
When another temperature elevation occurred on the twenty- 
seventh day, a short course of streptomycin was given, with 
favorable results, but the results were not so satisfactoiy when a 
similar episode occurred on the thirty-sixth day A second pelvic 
abscess was drained on the forty-ninth day The poor results 
in this case can be attributed to interruption of antibiotic therapy 
too soon after an initiallv favorable temperature response and, 
possibly, to the development of drug-fastness in the persisting 
bacteria 

use of streptomycin or of a combination of streptomycin and penicillin 
sulfadiazine 

Results in 12 of the 18 cases of peritonitis treated by streptomycin aoi 
(Table I) were classified as goocf and six as negative, while in the 67 cas' 
treated by combined therapy results were classified as good m 51 and negofu 
in 16 The number of cases in single categories is not large enough to ma 
the results statistically significant On the other hand, clinical impressions an 
studies of individual cases (Figs 1—5) are not without value 
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COMMENT 

Generally speaking, cases of local peritonitis treated by a combination of 
drugs tended to show a better response to therapy than those treated by 
streptomycin alone Of the failures in the group m which a combination of 
drugs was used, only 50 per cent were m cases of localized peritonitis, although 
when streptomycin was used alone, localized peritonitis accounted for 83 3 
per cent of the failures 

When the data are investigated on the basis of the dosage of streptomycin, 
it IS seen that the majority of the failures occurred in patients who received 


Table II — Evaluation of 22 FaiUnes Receiving Simple and Combined Therapy in 

85 Cases of Fecal Peritonitis 


Ileus or Stormy Overwhelming 


Case No 

No Temp 
Trend 

In 48 Hours 

Subjective 

State 

48 Hours 

Complication Inadequate 
Abscess etc Dosage 

Local 

Tissue 

Causes 

Sepsis 

Treatment 

Late 

9 

+ 

+ 



+ 


12 

+ 




+ 


21 


+ 

+ 

+ 



33 

+ 

+ 



+ 


34 

** 

** 

** 

+ 

+ 

+ 

37 * 

+ 

+ 

+ 



+ 

38* 

+ 




+ 


41a 

+ 

4* 

+ 



+(?) 

43a* 



+ 


+ 

+ 

48 

+ 



+ 

+ 


SS 

+ 

+ 

+ 

+ 


+ 

62 

+ 



+ 



64 


+ 

+ 


+ 

+ 

65 

+ 


+ 

+ 


+ 

71* 

+ 

+ 


+ 

+ 

+ 

72 



+ 


+ 

+ 

74* 

+ 




+ 


81 

+ 

+ 




+ 

98 


+ 




+ 

100* 

+ 



+ 

+ 


107 

+ 

+ 

+ 



+ 

124 


+ 

+ 


+ 



Case treated with streptomycin alone 
** Indeterminate 


2 Gm or less per day, which suggests that the chances of antibiotic failure are 
inci eased when the dosage is low In the cases in which results were good, 
the temperature elevations pei sisted for an average of 9 6 days when combined 
therapy was employed against 135 when only streptomycin was employed 
An anah'^sis of the 22 negative results following antibiotic therapy estab- 
lishes certain possible explanations for the unsatisfactory response in these 
cases (Table II) Multiple causes were evident m several cases, just as a 
multiple lack of response was evident in several cases 

CONCLUSIONS 

Statistical conclusions are not possible from the anahsis of the 85 cases 
of fecal peritonitis piesented 111 this communication and treated with strepto- 
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mycm alone or in combination with other drugs Clearcut trends, however, 
permit the following impressions 

1 In eaily spreading peritonitis in which the infecting organism originates 
m the gastiomtestinal tract, combined treatment with streptomycin and peni- 
cillin seems to offer no significant advantage over streptomycin alone In the 
management of localizing lesions, on the other hand, combined therapy seems 
superior 

2 On empirical grounds, the optimal dosage of streptomycin, whether the 
drug IS used alone or in combination, seems to be at least 2 5 Gin daily 

3 After 48 hours it is usually possible to predict, wuth fair accuracy, the 
success or failure of streptomycin therapy 

4 The optimum couise of therapy is seven to ten days Administration 
of streptomycin should be continued for at least 48 to 72 hours after the tem- 
perature returns to normal, to prevent the development of an escape 
phenomenon 

5 An analysis of the response to antibiotic therapy in peritonitis is 
attended with difficulties If such an investigation is undertaken, minimum 
information necessary for an adequate analysis consists of accurate temper- 
ature and pulse cuives, notations as to the blood and electrolytes administered, 
periodic estimates of the nutritive and accurate notations of the return of 
borborygmi Data are also necessary as to the condition of the skin wound and 
the results of rectal examination for possible abscess-formation 
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COMPLETE DUPLICATION OF THE LARGE BOWEL 
TREATED BY SUBTOTAL COLECTOIMY^ 

Charles A Allard, M D , Dudley E Ross, M.D , 

AND J F Hopkirk, M D 

FROM THE DEPARTMENT OF SURGERT, CHILDREN'S MEMORIAL HOSPITAL, MONTREAL 
AND MCGILL UNIVERSITY, MONTRlEAL, CANADA 

Complete duplications of the large bowel are exceedingly rare The purpose 
of this paper is to record a case of complete duplication and the method of 
treatment in this instance One case of triplication has been recorded ^ 
Ombredanne,^ Bar,^ Aitkin^ and Gness^ have reported cases of complete 
duplication The duplication reported in this paper resembles that of Aitkin 
in that the teiminal ileum was also double and demonstrates that the dupli- 
cation may involve both ileum and colon (Figs i and 2) 

case history 

A M , male Age 4^ years Admitted to the Children’s Memorial Hospital on 
October 16, 1947 

The patient’s chief complaints for the four months prior to his admission were the 
passage of fecal contents and gas per urethra, frequency and dysuria, and painful bowel 
movements Since birth the child had experienced alternating periods of constipation and 
frequent bowel movements When constipated, the abdomen became enlarged The symp- 
toms of recto-urinary fistula for four months prior to admission were the precipitating 
cause of hospital admission 

On physical examination the abdomen was protuberant and there u'as a mild degree of 
diastasis recti On rectal examination a mass could be felt about the size of a lemon one 
inch within the anal orifice and anterior to the rectum Within the mass small movable 
“stones” were felt to click together on palpation It thought that these were bladder 
calculi and a flat plate of the abdomen appeared to support this contention However, 
they later proved to be fecaliths in the blind end of the duplication The urine contained 
frank fecal contents and indicated that there was a fistula between the urinary tract and 
the bowel Cystoscopic examination revealed gross fecal contents in the bladder and 
the examination was unsatisfactory in localizing the exact location of the fistula 

TREATMENT 

The first opeiative procedure was to perform a transverse colostomy by 
the Wangensteen method (Fig 2-1) as a piehmmary to localization and 
treatment of the recto-urinary fistula 'When the colostomy was opened 48 
hours later, the colon was found to contain a double lumen at this site This 
was the fii st indication that a duplication of the colon was present Subsequent 
cystoscopy demonstiated the urinary fistula to be between posterior urethra 
and rectum 

A perineal appioach to the 1 ecto-urethral fistula vas made (Fig 2-2). 
and the small fistulous tract vas snccessfull}'- divided and turned m at each 
end At this time se\eial fiim fecaliths were remo\ed from the termination 
of the duplicated colon These had been preMOusly palpated through the 
rectum and were thought to be bladder calculi Two weeks following this 

* Submitted for publication, Februar\, 1949 
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procedure, the catheter was removed from the urethra and there was no 
recurrence of the fistula 

Four weeks later, a laparotomy was done through a left paramedian 
incision and a careful abdominal exploration was made The entire colon 
together with five inches of tenninal ileum, appeared to be duplicated to 
within one inch of the anal canal There were two appendices Whetlier this 
duplication was continuous or segmental could not be ascertained at this 



Fig ' 


time A lectal tube Avas introduced through the anus to establish A\hich coioinc 
lumen communicated with the anal canal Then the terninial ileum A\as 
anastomosed to this lumen at the rectosigmoid junction (Fig 2-2) 

Two weeks following this operation a subtotal colectomy aahs earned 
out, removing the duplicated terminal ileum and the entire colon as far as the 
rectosigmoid, about one inch above the previous ileorectosigmoidostonij 
(Fig 2-4) In order to preserve a rectum, the double-barrelled stump of 
rectosigmoid was brought out to the skin surface and a crushing clamp a'ss 
applied to the spur to convert the remaining duplication of the rectum mto 
one chamber, similar to the method of breaking down a Jlickulicz colos 
tomy spur 
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5 ileorectosi^moidostomy 4 Lolectomy clamp to rectal spur 


Fig 2 



Fu, 3 — Bowel rcmo\ccl nt opciation 


After the spur was completely 
crushed by three applications of the 
clamp to the septum (Fig 2-5), the 
colostomy was closed and the ab- 
dominal \vall sutured 

The patient was discharged 12 
daj's after the last operation, on 
March iS, 1948, at whicli time he 
was having one to tw'o soft-formed 
stools dail}’’ 

COMMENT 

Until the operative specimen w as 
remo\ed, it was impossible to deter- 
mine the exact extent of the dupli- 
cation and whethei or not there were 
lilind segments along its course The 
presence and numbei of communi- 
cations between the duplication and 
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the colon were not known Barium examinations were inconclusive in answer- 
ing these questions and it was for these reasons that it was thought wise to 
perform a subtotal colectomy 

On examining the operative specimen, the duplication was found to be 
complete, as shown in Figures 2 and 3 A small orifice connecting the tivo 
lumina was demonstrated in the rectosigmoid, just above the point of resec- 
tion This was the only communication between the two colons and meant 
that the duplication below this ostium was a blind pouch in which gastro- 
intestinal contents accumulated, resulting m the formation of fecaliths 
(Fig 1) The fecaliths which were lemoved from this reservoir were of a 
stony-hard consistency and the nuclei of two of them proved to be plum stones 
Since the symptoms of urethral fistula had been present for only five months 
prior to the patient’s admission, it is possible that this fistula may have been 
caused by ulceiation of one of these stones into the posterior urethra 

The walls of the two colons were intimately blended and the picture was 
that of a median septum m a large colon, rather than two distinct cojons 
(Fig 2) All layers were complete, both in the duplication and 111 the normal 
bowel The blood supply was a common one, which is the usual arrangement,® 
and any attempt to separate the two parts would have been impossible Until 
a rectal tube was introduced beyond the blind end of the duplication, it was 
impossible to tell which was the duplicated portion and which proceeded to the 
normal anal orifice 

The pioblem of preserving a rectum and, at the same time, eliminating the 
duplication, was difficult, but was solved by the repeated application of a 
crushing clamp to the rectal septum 

SUMMARY 

1 A case of complete duplication of the colon with urethral fistula is 
described 

2 The method of tieatment by subtotal colectomy with preseiwation 0 
the rectum is described and illustrated 
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PRIMARY CARCINOMA OF THE DUODENUM 

REPORT OF A CASE SURGICALLY RESECTED^ 

Frank J McGowan, M D , FACS, and William I Wolff, M D 

New York, N Y 

FROM THE SURGICAL SERVICE OF THE VETERANS ADMINISTRATION HOSPITAL, BRONV, NEW YORK 

Primary carcinoma of the duodenum is regarded as a rare lesion This 
IS particularly true if care is taken to eliminate those tumors arising in the 
biliary papilla and the pancreatic or bile ducts leading into the ampulla 
of Vater 

The reported instances m which such primary lesions of the duodenum 
have been successfully resected surgically are indeed very few An idea of the 
order of their frequency may be obtained from the following Brunschwig 
and Tmholiz^ found, in a review of the literature up to 1942, seven instances of 
resection for suprapapillary carcinoma with four patients surviving the oper- 
ation and, up to 1945, 16 resections for infrapapillary carcinoma with four 
patients surviving the procedure for a year or longer Berger and Koppelman,^ 
likewise, in a careful review, found, in all, 76 instances m which carcinomas of 
all portions of the duodenum had been lesected with an over-all operative mor- 
tality of 31 6 per cent and a five-year survival rate of only 5 2 per cent 

W itli the increased attention directed at lesions m and near the head of the 
pancreas in the past decade under the impetus of the work of Whipple and 
his associates, and the perfection of surgical technics for their removal, the 
number of successfully resected cases as yet unreported is probably appre- 
ciable Nevertheless, “The number of pnmary neoplasms of the duodenum 
seen by any one operator being limited, experience has not yet been sufficient 
to warrant general conclusions m regard to the surgery of these growths 
It IS to add to the information on this subject that the present case is being 
leported 


CASE REPORT 

The patient is a 6o-j'ear-old white male hospitalized on March 31, 1948, with a 
three-week history of painless jaundice, pruritis and hepatomegaly This illness followed 
by one month recovery from an upper respiratory infection There was no nausea or 
vomiting and stools were normal in color His urines were dark There was a is-pound 
weight loss over a six-montlre’ period Past historj^ included hospitalization in 1941 for 
intermittent fever and chills, at wdiich time a Iner enlarged four fingerbreadths below^ the 
costal margin was found on physical examination, and a gallbladder series, a gastro- 
intestinal series and a barium enema were reported by the roentgenologist as normal 
This w'as follow'cd by a second hospitalization six months afterw'ards, during wdiich time 

* Published w'lth permission of the Chief Medical Director, Department of Medicine 
and Surgerj', Veterans Administration, who assumes no rcsponsibihtj for the opinions 
expressed or conclusions drawn bj'" the authors 
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the patient developed a right upper quadrant mass and pain in that region while in the 
hospital Operation on November s, 1941, was performed for the removal of a dilated 
thickened gallbladder, which did not contain stones and which was reported pathoJogicall} 
as showing chronic cholecj^stitis 

Physical examination on the piesent admission revealed a well-developed and only 
moderately well-nourished, jaundiced white male appearing acutely and dironically ill 
Examination of the head and neck, and the heart and lungs, was not remarkable Blood 
pressure was 130/80 The right upper quadrant scar was w’ell healed The liver was 
palpable four fingerbreadths below the costa] margin in the midclavicular line The 
abdomen w'as otherwise not remarkable, nor was rectal examination 

Laboiatoiy Studies Serology was negative Hemograms showed a white-cell count 
of 13,150 with 60 per cent neutrophils, 31 per cent lymphocytes, 7 monocytes and 2 baso 
phils, a red-cell count of 4 2 million and a hemoglobin of 13 7 grams Fasting blood sugar 
was elev'ated to 180, urea nitrogen was 19, total proteins 6 8 grams, with albumin and 
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Fig I (A) Anteroposterior, (B) Lateral roentgen rays, showing 
an infiltrating lesion invmding the descending duodenum with suggestive 
proliferative changes 

globulin fractions of 3 9 and 2 9 grams, respectively, and the icteric index was 45 Senim 
phosphatase determinations ranged between 10 and 18 Bodansky units, the van den erg 1 
reaction was direct positive and the cephahn-flocculation test was reported as i P 
The stools contained bile pigments in varying amounts and several specimens vver^ 
positiv^e on chemical examination for occult blood Unnaly’ses were not remar a 
except for variably positive reactions for bile and urobilinogen 

Roentgen studies included a gastro-intestinal series, which showed widening 0 
duodenal loop with indentation on tlie medial and anterior wall and effacemen 
partial destruction of the mucosa m the second and third duodenal segments, v\ it 1 a 
like zone in the lower half of the descending duodenum and in the third duodenal 
The stomach and the duodenal bulb appear normal There is no retention of barium 
four hours ” Differential diagnosis was thought to he among carcinoma of the uo e 
carcinoma of the biliary papilla and carcinoma of the head of the pancreas I'aunlc 

Duodenal drainage was performed and showed gross blood in the specimen c 
quantities of pancreatic enzymes were present 
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Operation was performed on Apiil 20, 1948 A localized tumor mass confined to the 
duodenum was found (Fig 2) The distal portion of the stomach and the duodenum 
around to the superior mesenteric vessels, together with the head of the pancreas, were 
resected The distal duodenal segment was closed and an anticolic, antiperistaltic loop 
gastrojejunostomy (Polya type) was performed Pancreaticojejunostomy and cholodocho- 
jejunostoniy were carried out 111 that order, distal to the gastrojejunal anastomosis The 
biliary anastomosis was drained 

The postoperative cotiise was complicated by variably profuse biliary drainage with 
some of the bile getting into the intestinal tract There was also intermittent obstruction 
at the gastrojejunal stoma associated with several periods of alkalosis Although the 
gastrojejunal obstruction was proved to be incomplete by roentgenologic examination, a 
second procedure was carried out on June 10, 1948, with an anterior gastro-enterostoniy 
being performed Following this second operation, the patient’s nutritional state improved 
considerably, with marked increase 111 weight and strength The biliary fistula continued 
to dram in variable amounts for a period of five 
months following the original procedure but 
gradually closed down The patient was seen 
February 22, 1949, and was m excellent physical 
condition His biliary fistula had closed He 
was last seen June 12, 1949 

The pathologic icpoit was as follows “The 
specimen consists of a previously sectioned piece 
of small intestine 18 cm long and 5 cm 111 
circumference Eccentrically located is a fun- 
gating mass in the mucosa which reaches a max- 
imum longitudinal diameter of 7 5 cm , a max- 
imum transverse diameter of 45 cm and an 
elevation of approximately 3 cm There are two 
orifices m this mass which, when opened, con- 
tinue into ducthke structures, neither of which 
appears grossly bile-stained The serosal surface 
IS pale pink and moderately injected Attached 
to the serosal surface in the vicinity of the pre- 
viously described tumor are soft, discrete, 
smooth-surfaced nodules whose surfaces are pale 
pink to red, and whose cut surfaces are yellow 
There is also an irregularly shaped piece of 
tissue which is pale pink and nodular (pan- 
creas) , it IS 6 5 cm long and 3 5 cm at its 
widest and 08 cm at its thickest” (See Fig 2) 

The itiici oscopic diagnoses were (1) adenocarcinoma of the duodenum (descending 
portion), (2) fibrosis of the pancreas, and (3) regional Ijmph nodes free of tumor 
(See Fig 3) 

The mctdcnce of carcinoma of the duodenum is generally regarded from 
collected autopsies as being about o 03 per cent This represents about o 3 per 
cent of all intestinal cancers," and approximately half of the cancers of the 
small intestine If consideiation is limited to the carcinomas, then it repie- 
sents thiee-fouiths of the carcinomas of the small intestines, the duodenum 
being the only portion of the small bo\\el in which carcinoma predominates" 
Howard,® reviewing the literature in 1943, \Nas able to find 55 cases of pnmary 
carcinoma of the duodenum in 1 17,433 collected autopsies, he carefully 
excluded cases of carcinoma of the pancreas and of the biliary papilla In 
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Fig I (C) Oblique roentgen ray 
sliowing an infiltrating lesion invading 
the descending duodenum with sugges- 
tive proliferative changes 
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tiiEir excellent cnticsl review Ber<yer anrl i 
If i J , rieiger ana Koppelman, m 1042 hrnnrrht 

collected cases considered authentic by Lieber Stewart and T n^d fi ^ I, " 
paoers^®’ tn dat^ Lund m their three 

papers np to-date They found a total of 77 acceptable cases of supra- 

papillary tumors, 251 of peripapillary lesions and 58 mfrapapillary carcinoiLs 
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Fig 2 — Gross specimen Markers are inserted through 
the common bile duct and the mam pancreatic duct The 
head of the pancreas is not show n 


Dixon and others'^ calculated that, by 1946, 718 cases had been reported, hut 
only 433 of these u ere acceptable as true duodenal carcinomas 

The age incidence m carcinoma of the duodenum is slightlj higher than in 
carcinoma of other parts of the small intestine The tumors occur most com- 
monly during the sixth decade and are extremely unusual before the age of 
forty Figures reporting sex incidence are conflicting and indecisne 

Carcinomas of the duodenum are generally classified m three groups, 
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pending upon their anatomic relation to the biliary papilla ( i ) those prox- 
lal to the papilla, (2) those in the region of the papilla, and (3) those 
stal to it The tumors in the region of the papilla are generally believed to 
the most fiequent and those distall}^ to be least common, but this opinion 
open to question as the foimer gioup may include instances in which the 
oplasm was not truly primary 111 the duodenum 
From the gi oss pathologic point of view, the tumor usually takes one of 
/o forms either polypoid or stenosing The latter type predominates 
The supi apapillary tumors probably bear no relationship to pre-existing 
jodenal ulcers inasmuch as they do not generally occui m the area in which 
2ptic ulceration is most commonl}^ found They manifest themselves chiefly 
/ obstructive phenomena 



A B 

Fig 3 -Photomicrograph (A) Tumor glands are seen infiltrating into 
the submucosa (B) The transition from normal duodenal mucosa to malignant 
epithelial glands may be seen from left to right 

Carcinomas of the second poition of the duodenum usually aiise closely 
adjacent to the biliary papilla They are geneially papillary giowths and some- 
times distinguished with difficulty f 10111 caicinoma 111 and around the ampulla 
Howard quotes Pic’s differentiation of the two foniis (with mIucIi Ewing® 
concurs), and it is worth lepeating Carcinomas of the papilla “as a rule, con- 
stitute circumscribed tuniois that occupy oiil3>- a portion of the intestinal iiall 
and consequently lesemble, 111 this respect, carcinomas that aie situated in the 
head of the pancreas itself, vheieas, tuie duodenal carcinomas show the same 
tendency that is so common in other forms of intestinal carcinoma, namely, to 
develop in an annulai 01 cylmdiic manner and so involve the i\hole circumfer- 
ence of the intestine ” The validity of this obsen^ation in earh cases Mill rest 
upon the analysis of reports on surgically resected specimens 
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Among the infrapapillar}' tumors, the scirrhous annulai t3pe composed 
of firm white tissue, is some\\hat more frequent than the soft polypoid 
pedunculated, medullary type ^ Ulceration is common and stenosis is quite 
frequent 

HxstopathologicaUy, the tumors consist of cylindrical-cell adenocarcinoma 
derived from intestinal mucosa Many cases are difficult to separate from 
primary carcinoma of the pancreas,** and speculation has even been offered as 
to the possibility of carcinoma arising from aberrant pancreatic tissue in the 
duodenal wall Duff and others** describe the annular tumors as having 
abundant stroma and few cells, while the medullary lesions have scant stroma 
with abundant cells Hoffman and PacM point out that caicmomas of the 
ampulla of Vater have the histologic characteristics of bile-duct tumors, a 
point of differentiation from the peripapillary lesions 

Metastasis from these tumors is believed to occui lather late, with the 
regional lymph nodes bearing the brunt of the spread However, earl) and 
fairly extensive metastasis has been described 

Carcinomas of the duodenum are so uncommon that they are rarel)’- con- 
sidered in the diffei ential diagnosis of abdominal complaints, or even of upper 
abdominal tumors It is only recently that ante-mortem diagnosis has been 
made with any degree of frequency The tumors are apt to be slow^ and ver^ 
insidious in their growth In the first and third portions of the duodenum the^ 
manifest themselves chiefly by obstructive phenomena which are usually 
attributed to other causes, even when demonstrated roentgenographicalh 
Abdominally palpable tumor masses are most unusual 

Jaundice is seen chiefly with the peripapillary tumors, but may occur with 
the other types ^ Whereas Berger and Koppelman, and Ewing state that w'ltli 
peripapillary carcinoma it is an early and constant symptom, How^ard claims 
that even in this location jaundice occurs but rarely, and then as a preterminal 
event This last is partly confirmed by Dixon's series, in which it occurred m 
only four of 15 periampullary carcinomas and then it w^as usually a late mani- 
festation At any rate, “the jaundice in these cases is less severe and persistent 
than with carcinoma of the ampulla Even in advanced cases the occlusion of 
the duct may be incomplete ”** 

Clinical diagnosis is at best difficult and will probably be most successfully 
approached through the roentgenologist This was demonstrated m the last 
20 cases reported by Dixon and others, in all of wdiich a reasonably correct 
diagnosis W'as made from the roentgen findings Duodenal drainage with 
chemical and microscopic analysis of the duodenal contents is an infrequenth 
used but valuable adjunct to correct diagnosis Kaijser» criticizes the accuraci 
of our ante-operative measures and claims that even at operation differen 
tiation of lesions obstructing the biliary passages is difficult He offers 
cholangiography at the operating table as a solution More extensive 
ence by other investigators is required for evaluation of the accuracy 0 
method in differentiating among the various causes of common-duct b oc . 
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The smgical beatment of tumors of the duodenum has been considered 
by Biunschwig and Tmhohz under three headings (i) resection of the tumor 
and the involved portion of the duodenal wall, (2) resection of a segment 
of the duodenum and an adjacent segment of the head of the pancreas, and 
(3) pancreaticoduodenectomy, lesecting the entire duodenum and the head of 
the panel eas Analyzing the surgical results up to 1942 Berger and Koppelman 
report that of the suprapapillary tumors 27 were treated surgically with only 
7 lesions proving resectable and with an operative mortality among the latter 
of 43 per cent There were 136 instances of peripapillary carcinoma sub- 
jected to operation with only 58 proving resectable and this with an operative 
moitality of 29 3 per cent Among 64 purely palliative procedures the opera- 
tive mortality was 73 5 per cent There were 33 cases of infrapapillary carci- 
noma operated upon ii proved resectable with an operative mortality of 
33 per cent, the mortality for those cases having only exploration or a palli- 
ative procedure w^as 90 per cent 

Iri 1937 Hoffman and Pack review'ed 18 cases collected from a number of 
hospitals 12 of wdnch w^ere operated upon An attempt at removal was deemed 
possible at that time m only one instance, wnth a postoperative death The}" 
describe three of their lesions as being supra-ampullary, seven as peri-ampul- 
lary and six as infra-ampullary Cohn,^ m 1944, described tw"o cases of supra- 
papillary carcinoma diagnosed preoperatively but failing to survive moie than 
three montlis postoperatively Only one of the cases was resectable Shallow", 
Eger and Carty,^^ m 1944, w"ere able to collect from the world literature only 12 
unquestionable cases of primary carcinoma of the third portion of the duode- 
num in which resection w'as done Of these, five were dead and six w"ell, the 
result in the remaining case being unstated, the longest survival w"as six 
years postoperatively Duff, Foster and Bryan® described an inoperable case 
of infra-ampullary, scirrhous carcinoma with almost complete lumen occlusion 
that survived seven and one-half months after exploration and sidetracking 
w"ithout resection Dixon and others report that among their 45 cases nine 
were resectable, 28 had palliative procedures and eight were only explored Of 
the operable cases four w ere radical resections, four segmental and one local, 
w"ith a mortality of 22 per cent Brunsclnvig review"s three cases of his ow"n, 
W"ith one each of local resection, segmental resection and pancreaticoduo- 
denectomy 

How aid’s study show"ed an average survival of from six to 14 months in 
unoperated cases of carcinoma of the duodenum taken as a group Two 
suiveys^'- touching on the operative survivals have already been mentioned 

This survey of the literature, by no means complete, ser\"es to give one an 
idea of the frequency with w"hich these tumors of the duodenum have been 
found and how" often subjected to surgery There are, undoubtedly, at tlie 
present time throughout the world many surgically treated cases as yet 
unreported Valid criteria tor diagnosis, resectability choice of surgical 
procedure and prognosis w'lth treatment aw"aits the compiling of sufficient 
data on the subject to lend themselves to statistical analysis 
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smiMABY 

1 A case of primary carcinoma of the second portion of the duodenum 
subjected to pancreaticoduodenectomy is presented 

2 An idea of the types and frequencies of carcinomas of the duodenum 
and attempts at resection is given 

3 There is a need for further reports on the subject, particularly the 
results obtained within the past five years 
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Isolated fractures of the atlas are rarely seen by either the surgeon or 
the radiologist Two cases, occurring within a few months, have alerted us to 
believe that this condition may occur more frequently than is suspected 
Increase in the speed of travel and subsequent accidents should show an 
increase in the number of cases of this type These injuries are usually fatal 
We wish to report two cases that survived 

FREQUENCY 

The first case to be reported m the literature was described by Sir Astley 
Cooper in 1822 following a postmortem examination A review of the liter- 
ature reveals the following statistics 

Table I 

No of Cases 


Author 

Year 

Reported 

Jefferson’,’ 

1927 

20 

Plauti 

1937 

20 

Smberg A Burrnan^ 

1940 

1 

Wortis &. Sharp 

1941 

2 

Hatchette® 

1941 

1 

Crooks &. Berkett’ 

1943 

3 

Hinchey &. Bickel® 

1945 

6 

Johns’ 

1945 

1 

Authors Cases 

1946 

2 


56 


The infrequency of this lesion can best be illustrated by the report of 
Crooks & Berkett who, in reviewing a total of 39,479 fractures at the Notting- 
ham General Hospital and Chesterfield Royal Hospital, found a total of 618 
fractures of the vertebrae of which 59 involved the cervical vertebrae and that 
73 per cent of these had evidence of injury to the spinal cord or root Seventy- 
five per cent of those with neurological signs died 

A review of 246 consecutive cases of fracture of the vertebrae dunng a 
20-year period beginning m Januaiy, 1927, at the Reconstruction Hospital 
Unit, show ed 33 cases involving the cervical % ertebrae of wdnch tw o involved 
the atlas, approximately 6 per cent of all cervical fractures or o 8 per cent of 
all fractures of the vertebral column 

tfc— — - 
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ANATOAIY 

The atlas is at the level of the hard palate and is protected from direct 
violence by the skull, mastoid process, and maxilla Even though the cervical 
vertebrae are most exposed to injury because of their gi eater mobilitv and 
junction to parts that are more fixed, the head and thorax, one would assume 
that direct violence to the head would produce more fractures of the atlas 
However, its chief provisions for protection are the number of cervical verte- 
brae and their joints which allow movement without serious weakening 

Jefferson, quoting the work of Wagner and Stolper, and Smith, shoued 
that fracture of the atlas could not be produced in the cadaver 

PATHOGENESIS OF FRACTHHE 

Because of its anatomical and functional characteristics, the forces vliicli 
produce fractures m the other vertebrae do not apply to the atlas It is e\ ident 
that fixation of the spine and head by muscular contraction in association with 
trauma is one of the primary causes The transmission of force v ith the skull 
m flexion is cairied through the lateral masses and produces fractures usually 
111 the fifth 01 sixth cervical vertebra Fracture of the skull is more likely to 
result than fracture of the atlas 

One can summarize the different methods for fracture of the atlas 

T Pressure of the dens against the anterior arch (Fig i) 

2 Pressure between skull and axis (Fig 2) 

3 Level like action on the posterior arch (Fig 3) 


CASE REPORTS 


Case 1 36842 — H M is a 38-year-old white male who was injured bv bumping 
his head on a unndshield on February 7, 1946, at about 9 00 p v while riding in the 
front seat of an automobile which was struck by another There was no histor\ of 
unconsciousness His chief complaint was severe pain in the neck The patient was a 
luetic under treatment for the past two 3'ears and also suffered from mild diabetes niellitiis 
which was managed by a restricted diet 

The positive phj'sical findings were a sluggish left pupil although both pupils were 
equal, regular, and reacted to light and accommodation Although the neck could be 
moved in all directions, the patient guarded it There was considerable tenderness 
throughout the cer-vical spine 

Radiographically there was a fracture through the left portion of the posterior arcb 
of the first cervical vertebra with slight narrowing of the intervertebral space between the 
first and second cervical vertebrae on the left side (Fig 4) 

The first six days post-trauma, the patient w’as kept in bed in hj perextension 
A minerva-type cast was then applied On April 18, 1946, 70 day's post-trauma, a metal 
brace was substituted for the cast Repeated radiographic examinations haie shown little 
or no changes at the site of fracture The brace was discarded 10 months post-trauma, 
and on the 13th month following injuo' there were no complaints referable to the nec 


Case 2 3721 t—W C is a 3^-\ ear-old white male who was struck bv nn auto 
mobile on August 10, 1946 When brought into the hospital he was semi-conscious am 
responded only upon deep stimulation The actions of the child child 

frontal region of the head and in the right hip Phvsical examination '■‘:^caled tl 
to be in moderate distress, wath difficulh in respiration There was grunting on P 
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ISOLATED FRACTURE OF THE ATLAS 


Fig I 






Fig 2 

Fig I — Direction of forces nccessar\ to produce fracture of the atlas \\ ith the dens 

against the anterior arch 

Fig 2 — Direction of forces neccssar^ to produce fracture i\hcn the pressure is 

between the skull and axis 
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Fig 4 

Fig 3 — ^Illustrates the fracture of the atlas produced bj the le\crhke action on the 

posterior arch 

Fig 4 — Case 1 — Radiograph taken upon admission rereahng fracture through the 

posterior arch 
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ation A large hematoma was noted over the left forehead There were no voluntary 
movements of the head, passive motion elicited pain referable to the right ear (for the 
child cried and placed his hand over the ear) 

Moderate tenderness over the right costovertebral angle with spasm of the abdominal 
muscles was found on the right side The right leg was flexed on the abdomen with the 
knee abducted Twenty-four hours after admission all phjsical signs of injurj to the 
abdomen or thoracolumbar "spine disappeared The child complained of severe earache in 
the right ear and difficulty in swallowing Otologic examination was negative 

Roentgenologic examination of the cervical vertebrae revealed a fracture of the 
posterior arch of the atlas on the right side Neurological examination on the first day 
post-trauma was essentiall}’- normal A minerva-like cast was applied with the head in 
hyperextension On the twenty-fifth post-traumatic day there w'as evidence of weakness 
of both upper and longer right extremities Examination revealed a slightly flaccid right 
upper extremity, and w'e w’ere unable to elicit deep reflexes Cerebrospinal fluid exam- 
ination was normal Neurological consultation confirmed the impression of contusion of 
the spinal cord 

Patient w^as discharged on the fiftieth daj’’ post-trouma wnth a steel and leather neck 
brace By the third month after injury there w'as no pain or deformity There w'as 
slight atrophy of the calf muscles of the right leg Six months post-trauma the collar w'as 
discarded and the patient discharged No residual defect w'as noted, and no atrophy 
could be determined 

DIAGNOSIS 

Fracture of the atlas should be considered when patients, following trauma, 
complain of stiffness and pain in the suboccipital region, inhibition of active 
flexion and extension, restiiction to passive movements, difficulty in swallow- 
ing, and the sensation of food sticking in the throat For the technic of 
roentgenologic detection one is referred to the excellent papers of Plant, and 
Anderson and Burgess 


COMPLICATIONS 

An analysis of Plant’s survey of isolated fractures of the atlas shows a 
mortality rate of 25 per cent If the above two cases are added to the previous 
cases noted in Table I, the mortality rate would be 17 8 per cent 

Hemoi rhage from the vertebral artery should always be considered where 
distention of the prevertebral fascial spaces occurs The difficulty in degluti- 
tion in Case 2 may be due to retrophaiyngeal distension 

TREATMENT 

Hyperextension and immobilization is the treatment of choice The period 
of disaliihty varies with the type of fiacture, site, and the age of the patient 
All cases reported previously by various authois seem to indicate that an 
uneventful recoAeiy is to be expected if the patient survives the initial trauma 

SUMMARY 

1 Two cases of isolated fiactures of the atlas are presented bringing the 
total reported in the literature to 56 

2 The anatom} of the atlas is reviewed and the mechanism of fracture 
considered 
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AN UNUSUAL EXPERIENCE WITH THE 
MILLER-ABBOTT TUBE-^ 

R M Pool, M D. 

Mejiphis, Tenk 

FROM THE SANDERS CLINIC 

Intubation of the gastro-intestinal tract by the use of the Miller-Abbott 
tube has proved definitely beneficial in ceitam types of obstiuction The 
procedure is advantageous in the preparation of patients for operation, as well 
as a means of conveying fluids and nourishment into the intestinal tract beyond 
the stomach In some cases, unlimited patience on the part of both the operatoi 
and the patient is required to pass the balloon through the pylorus After 
entering the duodenum, the tube may pass rapidly through the entire intestine 
In two of our cases, the balloon protruded fiom tbe anus Below is reported 
a case m which a rather unusual complication arose following the use of the 
Miller-Abbott tube We have not seen a similar report in the liteiature 

CASE REPORT 

C W B , a white male, age 63, was admitted to the hospital m August, 1947 
Twenty years earlier, he had had a posterior gastro-enterostomy and cholecystectomy 
for multiple subacute perforating and bleeding duodenal ulcers and chronic cholecystitis 
with stones The appendix had been removed at a previous operation Aside from a few 
episodes of epigastric discomfort associated with a feeling of fullness and occasional 
\omiting, he seemed to get along fairly well following this operation The latest attack 
had begun several weeks prior to his admission to the hospital He had since found it 
necessary to restrict his diet to soft food and liquids, and within a few weeks had lost 
ten pounds in weight At times, he had vomited large amounts, which gave him relief 

On roentgenographic examination in the hospital, the stomach was enlarged and its 
tone and motility were decreased Only a little barium passed through the gastro- 
entei ostomy The duodenum was extremely dilated, especially in the first and second 
poitions On three-hour examination, approximately 80 per cent of the barium remained 
in the stomach From this studj", the patient apparently had an almost complete obstruc- 
tion of the jejunum just distal to the gastro-enterostomy 

After adequate preparation, an operation was performed under spinal anesthesia 
Extensne omental and intestinal adhesions were encountered in the upper abdomen, 
requiring considerable dissection to permit inspection of the posterior gastro-enterostomj 
The first part of the jejunum just distal to the gastro-enterostomy was found almost 
completelv obstructed by adhesions and angulation The stomach and duodenum were 
enormously dilated, incident to this obstruction The gastro-enterostomy stoma was 
ample, though a marginal ulcer was present There \tos also some fixation to the colon 
and to the trans\erse mesocolon, as if the ulcer had partly perforated and was protected 
The adhesions and the angulations of the upper jejunum were dissected free, restoring 
a normal intestinal lumen, and a bilateral \agal resection was done It was behe\ed 
that the obstiuction had been o%ercome, and that the vagal resection w’ould allow the 
gastrojcjuna! ulcer to heal 

Tlie patient’s immediate coinalescence proceeded smoothly and he ate fairly well On 
the twelfth postoperatuc dav, howc\ei, he complained of pain in the upper abdomen and 

* Submitted foi publication, September, 194S 
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was troubled with nausea The Levine tube was reinserted and suction applied after 
several days he was again able to eat and his elimination was satisfactory His further 
progress was uninterrupted, and he was discharged from the hospital at the usual time 
A few days later, his original symptoms returned, accompanied bj distention, nausea 
and vomiting, indicating an obstruction at or just beyond the pylorus Roentgenograms 
revealed considerable elongation and dilatation of the stomach, with dilatation of the 
duodenum as far around as the gastro-enterostomy Apparently, the duodenal loop uas 
almost completely obstructed The efferent loop appeared normal The obstructive lesion 
at the gastro-enterostomy stoma delayed gastric emptiing considerably, though not com- 
pletely The three-hour film showed barium m the ileocecal region, a small amount 



Fro I 


Fig 


Fig I — Miller-Abbott tube inserted for surgical preparation of a patient Tube Ins 
passed through the stomach, the pylorus and the duodenum, and back into the stomacli 
through the gastro-enterostomy, making almost three complete circles , 

Fig 2— After attempts at nithdrawal, the tube forms a circle about onc-iiait as 
large as that shown m Fig i The first part of a knot has been formed bj two loops 
of the tube within the stomach 


remaining in the distended duodenum Another operation was obvionsb necessan, but 

because of the patient’s weakness from inability to retain food, 

to improve Ins condition seemed advisable It was thought tliat if a 

could be passed through the site of the obstruction, he could be fed bv this mean H 

day after passage of the tabe, Suoroaeop, lereakd tte us up “ '"‘'-J, 

tovel r.a tl.e pyloroa L.tia.d nounsbment a™ there ore Bbcn 

frequent intervals Another roentgenogram made the follovimg da> shoved t 
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had passed, not only through the stomach and pylorus, but through the duodenum and 
back through the gastro-enterostomy stoma, making almost three complete circles (Fig i ) 
Its tip at this time was just beyond the stoma, apparently in the first portion of the 
jejunum It was decided that the tube should be withdrawn, and this was attempted, but 
without success Another roentgenogram was then made, which revealed that the loops 
had been drawn tighter, forming a circle about one-half the size of that shown on the 
previous examinations The tip la}' in the region of the duodenal cap It v^as also found 
that the first part of an ordinary knot had been formed by two loops of the tube within 
the stomach (Fig 2) After three days, this situation was still unchanged The oper- 
ation for release of the obstruction was therefore undertaken without further delay, 
removal of the tube being planned at the same time 

On opening the abdomen, widespread omental and intestinal adhesions were again 
encountered, necessitating extensive and tedious dissection for exposure of the gastro- 
enterostomy The marginal ulcer which had been found at the previous operation was 
still present, and the surrounding tissues were even more edematous and fixed, causing 
obstruction of the jejunum at this point The gastro-enterostomy was disconnected and 
the marginal ulcer excised The Miller-Abbott tube, which had made three loops through 
the pylorus into the duodenum, thence through the gastro-enterostomy and back into the 
stomach, was divided into segments and removed A Levine tube was sutured to the 
remaining part of the Miller-Abbott tube, and this was withdrawn from above, allowing 
satisfactory placement of the distal end of the Levine tube into the jejunum The opening 
m the posterior wall of the stomach was closed, and the jejunal opening was sutured 
transversely, thus restoring the continuity of the tract and overcoming the obstruction 
On the day following this operation, the Levine tube was clamped off for 20 minutes 
of each hour without causing the patient any discomfort The following day, it was 
clamped off for 30 minutes of each hour The patient was given liquids both by mouth 
and through the tube On the fifth postoperative day, the tube was removed and he was 
placed on a limited stomach diet As this was increased, he regained strength and was 
able to leave the hospital on the twelfth postoperative day He had no further difficulty 
thereafter, rather, he rapidly gained weight and strength and, when last seen 10 months 
postoperatively, had gained 50 pounds and had remained entirely free of symptoms 

As stated in the beginning, we feel that the Miller-Abbott tube is definitely beneficial 
in certain cases From the experience reported above, however, it obviously should be 
used under careful supervision and with frequent fluoroscopic observations to determine 
the location of the tip of the tube in the intestinal tract This precaution is especially 
necessary m patients who have had some type of intestinal anastomosis 
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SPONTANEOUS INTERNAL BILIARY FISTULA 

A REVIEW OF THE LITERATURE AND REPORT OF TVO C\5)ES* 

Eugene A Noskin, M D , Alfred A Strauss, M D , 

AND Siegfried F Strauss, i\I D 

Chicago, Iti, 

FROM THE ERANRLIN BOULEVARD COMMUNITT HOSPITAL 

This report is presented to review the Iiteiatiue and descube two 
instances of spontaneous internal biliary fistula of entiiely different etiologi 
yet with identical symptoms and findings These patients w ere in the hospital 
at the same time, and the diagnosis of spontaneous internal biliaiy fistula was 
made preoperatively m both instances 

ETIOLOGY AND PATHOGENESIS 

Spontaneous gastio-intestinal bihai}'^ fistulas are attempts by natuie to 
diain the chiomcally infected gallbladdei These fistulas are ahva)"s secoiidan 
to other pathologic changes m the bihar)’^ tiee Gallstones are the provocatue 
agent in 90 per cent of the cases, while peif orating peptic ulcers are the 
offending agent in approximately 6 per cent Other etiologic factois that make 
up the remaining 4 pei cent aie carcinoma of the gallbladder and of the 
biliary tree, abscesses in the biliary tree, and such rarities as ecchinococcus 
c)'’sts The formation is, for the most part, dependent upon an obstruction of 
the extrahepatic bihary-duct system Small gallstones may be the causatne 
agents by producing an obstruction of the cystic duct, following w'hich 
empyema of the gallbladder wuth subsequent gangrene ma) develop While 
this process is going on, wuth the production of a pericholecystitis and either a 
periduodenitis or pericolitis, the intestine, small or laige, becomes plastered to 
the infected viscus If the gangrene continues, the stones rupture through the 
gallbladder wall and produce an abscess wuth necrosis of the intestinal w'ali 
and ensuing formation of a fistula On the other hand, wdien a large stone is 
the causative factor, there is destruction of the gallbladder mucosa hi 
pressure necrosis With this occurs a concomitant cholecystitis and shrinkage 
of the gallbladder, accompanied b}" pericholec3"Stitis and the formation ot 
adhesions The process of pressure necrosis, if not stopped by surgical inter- 
vention, will go on to erode the intestine and produce a fistula 

\Vhat is the outcome of these fistulas^ They can either close spontaneoiish 
or produce serious disturbances in the hepatobiliary s^’^stem The formation of 
a fistula wull intensify the hepatic dysfunction incident to the original bihan 
disease b) producing cholangitis, hepatitis and obstructive jaundice The reason 
for this is that the formation of the fistula follows obstruction of the common 
bile duct either because of the inflammatory reaction or the progression of the 
calculus down its mouth As long as the common duct remains occluded tl^ 


* Submitted for publication, Februarj, 1948 
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IS no possibiht) of the fistula’s closing spontaneously Therefore, e can sa} 
that the formation of a spontaneous inteinal biliary fistula is in no way a cure 
foi cholelithiasis, but an additional and dangerous complication 

INCIDENCE 

Borman and Rigler^ report 67 internal biliary fistulas in 30,000 autopsies 
In leviewing 6,000 autopsies at Cook County Hospital, Davison and Aries” 
found seven cases of internal biliary fistula Taylor ,3 m his paper states that 
there is an incidence of 2 6 per cent of spontaneous internal fistulas in 
autopsies in which gallstones are found Roth, Schroeder and Schloth,^ in a 
review of 10,866 autopsies, discuss finding 43 spontaneous internal biliary 
fistulas In leviewing 2,000 cholecystectomies KehH found 100 biliary fistulas 
Peustow® states that in all bihary-tract surgery the incidence of fistulas is 3 5 
per cent Hicken and Coray" in their series have a slightly higher incidence, 
4 per cent, while Feldman® reports an incidence of o 4 per cent 

In this paper we shall concern ourselves onl}'- with the spontaneous inter- 
nal biliary fistulas between the bihaiy system and the gastro-intestinal tract 
more specifically with cholecystoduodenal fistulas Other biliary fistulas may 
extend upwaid into the pleural cavities 01 as fai downward as the urogenital 
tiact 

In a series of cholecysto-gasti o-intestinal fistulas, repoited by Hicken and 
Coray 69 per cent weie cholecystoduodenal, 26 per cent were cholec3^stocohc 
and 4 4 per cent w^ere cholecystogastric Courvoisier and Naunyn,® in a series 
of 384 cases, reported 93 cholecystoduodenal, 49 cholecystocohc and 12 chole- 
cystogastric Judd and Burden^® reported 153 cases in which they found 117 
cholecystoduodenal, 26 cholecystocohc and 6 cholecystogastric fistulas Bern- 
hard, in his series of 109 cases, reported 56 cholecystoduodenal, 36 cholecys- 
tocolic and 12 cholecystogastric fistulas In Peustow’s® series of 67 cases, 31 
w^ere cholecystoduodenal 

Spontaneous internal biliary fistula is found three to five times more com- 
monly 111 women than m men 

It occurs in patients over 50 years of age and moie commonly ovei 60 
years of age Both of oui patients w'ere ivomen over 60 years old 

SYMPTOMATOLOGY 

The symptoms of spontaneous internal biliary fistula are not distinguishable 
from those characterizing the parent pathologic condition The formation of a 
fistula may result m a sudden cessation of the patient’s complaints , more fre- 
quently the symptoms aie intensified Both our patients complained of right- 
sided abdominal pain and loss of weight of 20 to 30 pounds in a very short time 

There is usually a long-standing histor} of gallbladder disease with fever, 
jaundice and loss of %veight The duration of the symptoms averages approxi- 
mately 10 years The reason for the intensification of the sjunptoms is the 
development of a letrograde cholangitis and hepatitis due to the spilling of 
gastio-inteslinal contents into the biliar}' tree 
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The immediate dangers of a spontaneous internal biliary fistula other than 
the above-mentioned cholangitis and hepatitis are intestinal obstruction by the 
calculus anywhere from the duodenum to the ileocecal valve or an erosion into 
a blood vessel with the production of a severe hemorrhage 

DIAGNOSIS 

The diagnosis of spontaneous internal biliary fistula is made by roentgen 
ray examination or at operation 

The roentgen diagnosis of this condition was first made by Hunt and 
HerbsU^ m 1915 The cholecystogram may be leported as showing a nonfiinc- 
tioning gallbladder On the other hand, a barium meal will reveal the presence 
of the barium and gas in the biliary radicles Presence of gas in the gallbladder 
IS indisputable evidence of internal biliary fistula There are two other condi- 
tions which give the above findings, namely, an internal biliary fistula pro- 
duced surgically and an incompetent sphincter of Oddi 

In a series of 21 cases presented by Tracey and McKell, Jr three fistulas 
were diagnosed preopei atively Borman and Rigler^ identified on roentgenra^ 
only 86 out of 267 fistulas In both our patients the diagnosis was made by 
our roentgenologist preoperatively 

MANAGEMENT 

There is great variation in the hteratuie as to the management of ^'he 
above-mentioned disease or syndrome Minty^^ states that if there is no 
cholangitis present, the fistula should be left intact rather than run the risk of 
submitting the patient to an external duodenal sinus Hinchey^^ is of the 
“ opinion that as soon as the diagnosis is made the fistula should be closed 
by operative measures Hicken and Coray” are also of the opinion that 
surgical intervention is of prime importance after the patients have been 
returned to fluid, electrolyte and protein balance As can be noted, the man- 
agement m both our cases was surgical It is our firm belief that surgery is 
the method of choice in the management of this type of fistula 


COMPLICATIONS AND IMMEDIATE DANGERS 
Complications of a spontaneous internal biliar}'^ fistula are few in number, 
the first being due to the erosion of a stone into the gastro-intestmal tract and 
resultant intestinal obstruction, and the second being due to an erosion of a 
blood vessel, with ensuing hemorrhage The obstruction may be anywhere 
from the duodenum to the ileocecal valve, the ileocecal valve and region being 
the site of predilection 


CASE HISTORIES 

A L, a 65-} car-old white woman was admitted to the hospital on Fcbruarj 12 , i94/- 
complaming of dj-^phagia, loss of appetite and right-sided abdominal pain of six nioih^ 
duration During that time she had lost 30 pounds The patient had been constipate 
for years She avas at this time under the care of an internist for coronao iric 
disease The rest of the history is noncontnbutory 
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Physical Exammalion The patient was a well-developed, well-nourished, white 
female, who was apparently not acutely ill The skin was sallow The head and neck 
were normal Respiratory movements were rapid and shallow Crepitant rales were 
heard over both lung fields posteriorly The blood pressure was 142/68 mm Hg The heart 
borders were enlarged to the left and downward There was an irregularity in rate and 
a coarse systolic murmur at the apex transmitted to the base The abdomen was slightly 
rounded and the liver was palpable three fingerbreadths below the costal margin There 
was some tenderness m the right upper quadrant The rest of the physical examination 
was negative 

Laboiatory Findings The urine on admission was negative except for a trace of 
albumen Examination of the blood showed hemoglobin 812 per cent, or 126 grams. 



Fig I Fig 2 

Fig I — Photograph of a 1 oentgenogram showing barium in the stomach, duodenum, 
fistulous tract (surrounded by arrows) and gallbladder Case 1 

Fig 2 — Photograph oi a roentgenogram showing barium 111 stomach, duodenum and 
fistulous tract (surrounded Jjy ariows) The gallbladder contains gas and barium Case 2 


43 million red blood cells, 10,000 white blood cells Lymphocytes 23 per cent, neutro- 
philes 72 per cent, eosmophiles 3 per cent and basophils i per cent Blood chemistrj 
showed a fasting blood sugar of 99 mg per cent, urea nitrogen of 174 mg pci cent, 
icteric index of 12 An electrocardiogram showed a marked left-axis deviation with 
inaiked intraventricular conduction defect 

Roentgen lajs showed honvisuahzation of the gallbladder after administration of 
dye, and a noiinal stomach and colon On fluotoscopj, barium was seen to pass from the 
anlciior wall of the duodenal cap into an oblong cavitv that appeared to be the neck of 
the gallbladder (Fig 1) The diagnosis of a fistulous tract between the gallbladder and 
the anlciior wall of the duodenal cap was made Because the duodenal cap showed no 
dcfoimitj, this was considered to be a primarj disease of the gallbladder 

Cmujc »! HosMal In view of the histori, phjsical examination and laboratorj' 
findings, It was decided that an operation should be performed as soon as the patient’s 
cardiac condition warranted Exploratoi> laparotomv 10 davs aftci admission revealed 
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the stomach kidneys and colon to be normal Examination of the gallbladder region 

sepiSii rthetdr"' gallbladder by manj fibrous adhesions On 

portion of ! ^ the dome of the gallbladder and the anterior 

por ion of the duodenum was encountered The fistula was then divided and the gall- 
bladder removed The gallbladder was walnut-sized, was very thick and contained 
numerous faceted stones The defect in the duodenum was repaired by two lasers of 
silk, the common duct was drained and the abdomen was closed in layers The patient 
left the operating room in good condition The summation of the operative findings are 
(i) cholecystoduodenal fistula, and (2) cholecystitis with cholelithiasis 

The patient made an uneventful recovery She left the hospital 20 da>s after oper- 
ation in good condition Two months later she was admitted with an acute m\ocardial 
infarction, from which she recovered 


A 62-year-old wliite female w as admitted 
to the hospital on February 18, 1947, com- 
plaining of pain of three months’ duration in 
the epigastrium and the right side of the 
abdomen The pain was sharp m character 
and was constant There was no vomiting or 
nausea She had lost 20 pounds in the last 
three months She was constantly bloated 
and “gassy” 

Physical Examination The patient \\a' 
a fairly well-developed, well-nourished 
woman who did not appear acutelj ill Her 
skin was somewhat tinged with rello\\ Her 
head, neck and chest were normal Tender 
/ ness was elicited over the epigastrium and 
' right upper quadrant on deep palpaUon The 

L — — :: — — — , liver was palpable two fingerbreadths below 

Fig 3 —Photograph of a spot film of the the costal margin and its margin was well 
fistulous tract Case 2 defined and regular The rest of the exam 

ination was negative 

Laboratory Data The urine on admission was normal Examination of the blood 
showed hemoglobin 60 6 per cent, or 9 4 Gm , 3 9 million red blood cells, 14,300 white 
blood cells, lymphocytes 19 per cent, neutrophiles, 77 per cent, monocytes 2 per cent and 
eosinophiles i per cent Blood chemistry showed a fasting blood sugar of no mg per 
cent, NPN of 39 mg per cent, urea of 166 mg per cent, icteric index 17, total protein 
5 46 Gm per cent, serum albumen 3 59 Gm per cent and serum globulin i 87 Gm per cent 
Roentgen rays show'ed a nonvisualization of the gallbladder after administration of 
the dye and a normal stomach and colon There was an accumulation of gas in the 
gallbladder region On fluoroscopy, barium was seen to pass from the upper part of the 
descending duodenum into a pouch lying anterolateral to it (Figs 2 and 3 ) No filling 
of the cystic or bile ducts w'as seen The diagnosis of a fistulous tract between the 
gallbladder and the descending duodenum, with primary disease of the gallbladder, was 
made As there was no visualization of the biliary ducts, in view' of the patient's geneni 



condition, a malignancy was considered 

Course m Hospital In view of the historj, physical findings and laboratoo data, 
operation w'as advised Preoperatne preparation of the patient included blood trans 
fusions, plasma, parenteral fluids and vitamins However, before operation she began to 
run a septic fever with spiked temperature On February 24, 1947, a laparotomj was 
performed The liver had numerous nodules ranging from pinhead to pea size 
duodenum, gallbladder and inferior surface of the liver were drawn up into a aeo lar 
nodular mass that was thought to be malignant A biopsy of one of the ' 

taken and the abdomen was closed The patient left the operating room m good 
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The pathologist’s report was “Adenocarcinoma of the liver (primary) ’’ 

The patient’s course after operation was uneventful except for the fact that her 
jaundice deepened She was discharged from the hospital lo days after operation She 
expired at home two months later No neci opsy was performed 

CONCLUSIONS? 

The differential diagnosis of cholecystodiiodenal fistula caused by erosion 
of a calculus and that caused by primaiy malignancy in the hepatobiliary 
system is very difficult to make In the cases presented above, although the 
diagnosis of the fistulas was made preoperatively, causes were uncovered 
after exploration It is our contention that, although the etiology in this type 
of lesion may be hinted at preopeiatively, the true cause may be determined 
only at operation (Table I) 


Table I — Comparison of Cases 


Weight Loss and 
Duration of 


Case 

Age 

Sex 

Chief Complaint 

Symptoms 

Operation 

Pathology 

1 

62 

F 

Dysphagia, loss of ap- 
petite Right-sided ab- 
dominal pain 

30 lbs m 6 mos 

Cholecystectomy 
Closure of fistula 

Chronic cholecystitis 
and cholecystoduodenal 
fistula 

2 

62 

F 

Pam m epigastrium, 
right side of abdomen 

20 lbs m 3 mos 

Laparotomy and 
biopsy of liver 

Cholecystoduodenal 
fistula primary 


carcinoma of liver 


SUMMABY 

1 The literature on spontaneous internal biliary (cholecystoduodenal) 
fistula is reviewed 

2 Two new cases are presented, the etiology of one being a perfoiation 
ly a calculus, and of the other, a primary malignancy of the liver 

3 The incidence of spontaneous internal biliary fistula is approximately 
per cent of all cases requiring biliary-tract surgery 

4 The incidence of primary carcinoma of the liver is o 5 per cent of 
11 cases 

5 The diagnosis of spontaneous internal biliary fistula (cholecystoduo- 
enal) is made by finding barium and gas in the gallbladder after having found 
I nonvisualizing gallbladder 

6 Complications of cholecystoduodenal fistula are 

(a) Cholangitis 

(b) Hepatitis 

(c) Intestinal obstruction 

(d) Hemorrhage due to an erosion of a blood vessel 
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EMPHYSEMATOUS ACUTE ABDOMEN AND SUBCUTANEOUS 
EMPHYSEMA FROM INTRARECTAL OPERATION* 

Con AjMORe V Burt, M D , F A C S 

Ne^\ York, N Y 

Acute abdominal signs caused by emphysema in the subparietal peii- 
toneum and m the mesentery of the colon and appendices epiploicae, associated 
with subcutaneous emphysema of the left abdominal and chest walls, folloxMiig 
an operation from within the rectum and without perforation or solution of 
continuity of the peritoneum are extremely rare A careful search of the 
literature fails to reveal any previous report of similar findings 

Subcutaneous emphysema has been reported many times and most com- 
monly occurs in association with injury or disease of the chest or of the 
respnatory passages, fairly commonly as a complication of labor, but very 
rarely in association with acute phlegmonous appendicitis (Gruca^), pei- 
forated gastric or duodenal ulcers (McCorkle and Stevenson," Korach®), or 
111 association with large intestinal surgery (Von Hasselbach,^^ Bauniecker,’- 
Brown and Hinton^^) 


CASE REPORT 

G C , 38, houisewife, first seen at the author’s private office at Presbyterian Hospital 
Picsent Illness — There had been pain in the left side of the rectum, with radiation 
down the left thigh for one year This occurred every few days and lasted for a few 
days, followed by constant, severe pain in the same location for tlie past six months 
Pain was not associated with bowel movement There had been bleeding occasionally 
with the passage of hard stools There had been some gam in weight About five months 
prior to the operation patient had two injections of oil into her hemorrhoids 

Proctologic Findings External examination revealed an old, healed fissure Digital 
examination presented in the left anterior quadrant a linear, slightly tender area of 
induration, extending upward along the left anterior wall of the rectum for about 5 cm 
It was 5 mm in diameter, was palpable per vagina and was suggestive of an anorectal 
fistula Proctoscopic examination to 15 cm was essentially negative except for what 
seemed to be a fistulous opening at the mucocutaneous line on the left anteriorly 

Picopciative Examination Urine was normal Blood Red blood cells 3,500,000, 
hemoglobin 76 per cent, white blood cells 11,000, 74 per cent poh morphonuclears 

Opciatwn An operation was performed at St Clare’s Hospital on February 4, 1947 
Findings In the left anterior quadrant was an area of fibrosis, 5 mm in diameter and 
extending upwards for about 5 cm from the mucocutaneous line, in close proximity to 
the vaginal mucosa and probably reached to within 2 cm of the cul de sac An area of 
ulceration at the mucocutaneous line on the left wall, about 5 mm in diameter, was 
suggestne of an internal opening of a fistula, although a probe could not be passed 
The area of ulceration and fibrosis w'ere resected completeh along the left w'all of 
the anal canal and ampulla, lea\ing a large wound, measuring approximately 6 by 4 bj 
2 cm , after retraction of the surrounding tissue Only the upper part of the internal 
sphincter w'as partly excised W'lth the mass, and therefore good sphincter tone remained 
after the operation 

* Submitted for publication, March 1949 
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On the second day following the rectal operation the patient complained of consid- 
erable distention, of abdominal pain and of chilliness Her oral temperature rose to 
the pulse was 120 and respiration 20 There was no localized tenderness or rlgldlt^ On’ 
the third day, both temperature and pulse continued to be elevated and the abdomen uas 
greatly distended m spite of the passage of a large amount of flatus and some stool The 
patient appeared acutely ill, with abdomen greatly distended, presenting generalized direct 
and rebound tenderness Vaginal examination revealed diffuse tenderness Empinsenn 
extended over the left abdomen and the chest from thejngumal ligament to the midbreast 
and axillary regions Tihe blood count was red blood cells 3,460,000, hemoglobin 6, 
white blood cells 1^,400 with 96 per cent polymorpbonuclears 

A laparotomy for general peritonitis or mesenteric thrombosis n^as performed Av 
the abdomen was entered through a left midrectus incision, gas escaped from the subcu- 
taneous space but no free air was released from the peritoneal cavity There was gas w 
all of the subpentoneal tissues that could be visualized through a left-rectus incision 
Gas was found in the mesentery of the sigmoid, in the descending colon and as far ns 
the right transverse colon as well as in the omentum There was no indication of anv 
other pathologic condition 

Although the patient’s condition was good, 500 cc of blood were given iinmediatch 
after the operation Twenty doses of penicillin, each of too, 000 units, and of streptomicm 
04 Gm every three hours, together with sulfadiazine and bicarbonate of soda, were given 
until the temperature returned to normal on the third postoperative day Her condition 
continued good throughout, the bowels began to move on the third day, emphvsema of 
the abdominal and chest walls was much less on the fourth day and had disappeared on 
the sixth day The sutures were removed and the patient was out of bed on the fifth dav 
and was discharged in excellent condition on the sixth day after the laparotomy 

The pathologic report was that of a foreign-body giant-rell granuloma of flic 
rectum The histologic features of the granuloma indicated the presence of an oily or 
lipoidal substance which was undergoing phagocystosis 

Follow-up Two years after the laparotomy the patient’s general condition was excel- 
lent and she has had no recurrence of the rectal pain 

Expel miental Evidence of Subcutaneous Eviphvscma * The appearance of subcutaneous 
emphysema following mtrarectal excision of a fistula was so rare that an attempt was 
made to reproduce this phenomenon by the injection of air alongside the rectum in 
two dogs 

In each animal a No 20 needle, 2 inches long, was introduced to the left of the amis 
and passed upward just lateral to the rectal wall, stopping just short of the lowermost 
portion of the peritoneal cavity 

In dog No I the air shortly appeared in the subcutaneous space of the left groin 
and quickly extended into the inner surface of the left thigh Injection of r,ooo cc of mr 
greatly increased this swelling There was no indication of intrapentoneaf or subpentoneal 
air The next day the subcutaneous emphysema appeared over the entire animal as far 
forward as the front legs This gradually disappeared m two weeks 

In dog No 2, 1,000 cc of air were injected similarly alongside the rectum and 
quickly produced signs of peritoneal irritation The animal's respirations were rapid 
and labored and the abdomen was slightly distended One and one-half hours later the 
abdomen was entered through a midrectus incision No air was encountered m the lavcrs 
of the abdominal w-all and none was free m the peritoneal civitv There was however a 
great deaf of subpentoneal air in the pelvis, and up along the posterior ^‘'bP^^ntoneal 
space, and in the mesentery of the colon up to the splenic flexure Suhscros-il vc d 
were present over the entire rectum and colon up to t he splenic flexure similar to dm e 

the CoiST^f emumbn 

University 
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observed by Nitch and Shottock^ in the small intestine This animal developed signs of 
peritonitis, such as subperitoneal air might produce After four days he recovered 

The appearance of subcutaneous air in one animal and subperitoneal in another fails 
to explain the mechanism by which subcutaneous emphysema results from intrarectal 
operations 

DISCUSSION 

Gas-producing organisms, as m appendiceal abscess or other intestinal or abdominal- 
wall infections, may produce subcutaneous or subperitoneal emphysema, which is much 
more serious and more often fatal than when the intestinal gas diffuses through the 
tissues These patients, who are very toxic from the effect of the gas-producing organisms, 
do not react promptly to the therapy instituted in the case presented here, but show 
immediate improvement and recovery following laparotomy and palliative treatment 



Fig I — Showing the route of escape of gas from 
the intestinal lumen through the rectal wound from 
the fistula excision into the subperitoneal tissues of the 
pelvis, with diffusion into the mesentery of the colon 
and into the subcutaneous spaces of the left abdomen 
and clicst 

The gas in the tissues might have come from the lumen of the markedly distended 
intestinal tract or it could ha^e been manufactured by the E coh or a greath attenuated 
B acfogcitcs 

It seems rather clear in retrospect that the diffusion of gas from the intestinal lumen 
took place through the rectal wound (Fig i) up through tlie cellular tissues along the left 
rectovaginal septum or along the left retrorectal tissues to the mesenterj of the pehic 
colon, the sigmoid, the descending and transterse colon and into the subparietal peritoneum 
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as a result of the greater gas pressure in the intestinal lumen It is possible tint 
diffusion of the gas took place from the subparietal space througli the fascnl itul 
muscular layers of the abdominal wall above Poupart’s ligament to the subcutancoiis 
spaces of the abdomen and chest up to the left midbreast region It is behe\ ed more likeli, 
however, that the subperitoneal gas diffused through the thinned-out fascia in the region 
of the symphysis to the subcutaneous region, where it could liaie spread to any part of 
this space 


SUMMARY 

The first operation consisted in the removal of a mass of tissue, including the mucos i 
and a complete thickness of the smooth muscles of the rectal wall in the right anterior 
quadrant adjacent to the vaginal wall, extending up very close to the pelvic peritoneuni 
The appearance of the marked abdominal distention was followed in from 1 8 to 24 houis 
by external emphysema of the left abdominal and chest walls, extending from Poiipart’s 
ligament to the midbreast region 

The patient was acutely ill for 24 hours preceding laparotomy, the oral temperature 
was 103-, the pulse 120, with direct and rebound tenderness, and an eleiated blood 
count Therefore, an element of infection was predicated and a simple exploratory' lapa- 
lotomy was done three days after the rectal operation Rectal wound culture immediately 
following laparotomy showed pure E colt Prompt and complete recoyery folloyyed 
simple laparotomy and chemotherapy 
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BILATERAL BROAD LIGAMENT LIPOMATA 

liEPORT OF A CASE AND REVIEW OF THE LITERATURE-* 

^¥ARREN R Lang, M D 

AND 

C Brinley Bland, M D 

PhH ADFI.PHIA, Pa 

PROM THE DEPARTMENT OE OBSTETRICS AND GTNECOLOGT DIVISION OE GTNECOIOGV, 

JEEPERSON MEDICAL COLI EGE AND HOSPITAL 

Bkoad-ligament LIPOMATA aie raie lesions, and to date only 19 cases have 
been leported m 14 ai tides ^ 

The first case was lepoited by Pollock in 1852 Howevei, the laiity of 
this condition is probably more appaient than leal, since several"' have men- 
tioned but not actually repoited their cases 

The origin of fatty tissue in the broad ligament, noimally devoid of such 
tissue, poses a problem Metaplasia of connective tissue has been suggested 
Giowth downwaid from retroperitoneal tumor higher in the abdominal cavit} 
may occur Lockyei^® discards two cases of so-called bioad-hgament hpomata 
that presumably originated from 1 uptime of dermoid cysts 

The symptomatolog}', as lecorded, is scanty The patients’ ages range from 
31 to 70 years Of the cases in which the age was lecoided' six weie in the 
fourth, SIX in the sixth (including ours) and one each was in the fifth and the 
eighth decades In two cases (of five lepoited by Fhckingei and Masson)*'’ 
the tumors presented in the perineal legion Preopei atively, parovarian cyst,^" 
tuberculous peritonitis^® and hydrosalpinx® weie consideied likely diagnoses 
In one case a preopei ative diagnosis of incomplete abortion was justified,® In 
only two cases, including 0111 own, was the coiiect condition of a parovarian 
tumor suspected befoie opeiation® 

Associated pathology consisted of deimoid cysts,®’ fibromyomata uteri,’’ 
chionic salpingitis® and in two cases adenocarcinoma of the endometi lum 
In one instance the lipoma was large enough, piesumably, to cause dilatation 
of the coiiesponding meter ^® 

The hpomata listed vaiy gieatly in size and location Giossly, they may be 
as small as 9 mm 01 as large as 90 cm m diameter Lobulation may be pies- 
^nt ® Occasionally, they may occur as small grow ths in the mesosalpinx 
n one case the tumor dissected alongside the vaginal canal to present in the 
leiineum, 111 another, the tumor hei mated through the obturator foramen® 
X le lecoided hpomata weie iight-sided m eight cases, left-sided m four, bilal- 
nal in thiee (ouis makes the fouith) and unrecoided in four 

Of those examined histologically all were leported as hpomata except one 
vhicli, microscopically, was a fibiomyxohpoma® The tumors are benign, 
111 able by simple excision If laige enough, the lipoma may be mtimatel} 
ssociated w ith deep peh ic vessels'^ and mai be 1 emoved w ith difficult) Recur- 

Submitted for publication November, 194S 
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rence has been reported once « Retroperitoneal lipomata above the pelvic brim 
however, tend to both recurrence and malignant change 

The following is a case report of a 58-year-old white woman who bad 
S3'mptomless bilateral broad-hgament lipomata discovered on routine pelvic 
examination and diagnosed preoperatively as parovarian cysts 


CASE REPORT 


Mrs M H , age 58 years, gravida 4, para 4, weight 186 pounds, first consulted 
Dr Lewis C Scheffey at Jefferson Medical College Hospital in June, 1946, for an opinion 
as to whether or not an advised operation for "ovarian cysts” was indicated 

The patient’s menopause had occurred in 1939 Since then there had been no post- 
menopausal bleeding or discharge Her only complaint was occasional mild backache 
Aside from a history of high blood pressure, her past history was negative She had liad 
no previous operations 

General physical examination was essentially negative except for obesity and a blood 
pressure of 184/94 Pelvic examination disclosed a multiparous mtroitus, slight relaxation 
of the anterior and posterior vaginal walls The cervix was intact with a small cenical 
polyp The uterine body seemed to be of normal size, anteflexed and anteverted Each 
adnexal area, however, contained a fixed semicystic enlargement about the size of an 
orange, the left-sided enlargement being somewhat larger than the one on the right A 
tentative diagnosis of probable bilateral parovarian, possibly ovarian, cysts, was made 
In the absence of symptoms, an expectant policy was decided upon The patient was 
rechecked both systemically and gynecologically every few months In the latter part of 
March, 1947. however, the left-sided enlargement seemed to be increasing in dimensions 
and on that basis laparotomy was advised and accepted 

On the patient’s admission to the hospital, preoperative studies disclosed a normal 
blood count and urinalysis, a urea clearance of 65 per cent average normal The sedimen- 
tation rate was 22 mm in one hour, 27 mm in two hours 

The patient was operated upon by Doctor Scheffey, May 20, 1947 After routine 
vaginal antisepsis, curettage was performed No curettings were obtained Cenical 
polypectomy was followed by endothermic cervical resection The abdomen was prepared 
with iodine and alcohol and the pelvic organs exposed through a right paramedian incision 
The uterus, tubes and ovaries were atrophic, presenting no gross abnormalities The 


appendix was uninflamed but elongated with a very fatty meso-appendix Of most interest 
were bilateral broad-hgament enlargements (each about 8 cm in diameter) adjacent to 
the round ligaments and inguinal canals These were found to be of fatty tissue The 
lipomata were extirpated by blunt dissection, the areas of removal pentoneahzecl 
A routine appendectomy rvas earned out The abdomen was closed in layers 

Pathologic Report The cervical polyp was histologically benign, and the appendix 


was normal The bilateral broad-hgament masses were globular pieces of tissue, larjin? 
from 3 to 5 cm in diameter, the stroma was composed of homogenous, lellowish soft 
glistening, adipose tissue Microscopically, the stroma was made up of tj^pical acellular 
adipose tissue, throughout which there were several collections of normal-appearing 


lymphocytes Diagnosis Lipomas , 1 

The patient had a normal convalescence and was discharged from the hospital on 
the eleventh postoperative day At this writing (Februarj, 1949) she continues to do vcl 
with no pelvic complaints and with normal pelvic findings 


SUMMARY 

A brief survey of recorded broad-ligament lipomata is made The\ arc 
unusual benign lesions bilateral in one-fifth f 4 out of 20) of the recorded cases 
They vary from the size of a bean to that of an adult head bo,act preopera 
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Editorial 

General Surgical Training and the Specialties 

A ccitTURY AGO when our population was only a fraction of what it is 
toda}'', surgeons were few The internist was often the man who performed 
the lifesaving operation, for not many men limited their practice to the narrow- 
field of surgeiy as it was then Specialists as we know them today were prae- 
tically nonexistent But thiough the years the ratio of surgeons to the popula- 
tion has mci eased, and surgery has widened its scope with greater safety to 
the patient Decade after decade has shown a rapid increase in the luimher 
of well trained surgeons and gieat expansion in their fields of actnity Once, 
all surgical practice was almost entirely m the hands of the general surgeon, 
but its scope is now so vast that no one man would piofess to be proficient 
ill all its branches 

Since the turn of the century, many of the ablest surgeons have limited 
themselves to special parts of the body, and by close application and exhaustive 
research have extended the frontiers of surgery in their elected fields to create 
the suigical specialties of today 

The first blanches of surgery to take their places as specialties were 
ophthalmology, otolaryngology, gynecology, and oithopedics More recently, 
urology, neurosurgery, and plastic surgery have attracted men to speciali- 
zation Complete segregation of ophthalmology and otolaryngology w-as readih 
accomplished, for the general surgeon was glad to relinquish this part of the 
body to those whose interest lay in this field In the other specialties there is 
an overlap with general surgery which makes it more difficult to draw a firm 
line of distinction But the tendency to create special fields of surger)- con- 
tinues Lately, it has been proposed to recognize thoracic surgery as a spe- 
cialty, and to make proctology and gastroenterology joint activities of medicine 
and surgery, divorced from general suigery This trend could lead to an 
ultimate breakdown of surgery into multiple specialties, each treating its sep- 
aiate portion of the body Were the human organism simply an aggregate of 
mechanical parts like an automobile this might be an acceptable policy, but 
it IS obviously not the case 

Our population now appioaches 145,000,000, from which at least 20,000 
medical school graduates have entered surgery Each year new aventies to 
surgical therapy are opened, but at the same time the old, cstablishec 
approaches aie not closed by the advent of such medical discoveries as chemo- 
therapy Surgery is still necessar)^ and the volume of work to be done 
At the present time, under optimum circumstances, surgery provides an 
unprecedented opportunity to allay human suffering from injury, defomii 
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and disease It is undei taken with ever-deci easing morbidity and moitality 
a sign of the rapid progress which has been made m the diagnosis of surgical 
conditions and in surgical technic and care 

To cover the variety of suigical endeavor with the special abilities and 
widely diflferent interests of individual surgeons, it might seem wise to con- 
tinue the formation of specialties, and the university hospitals with then 
medical schools together with the laige clinics, so abundant in material, have 
fostered such a breakdown for surgery and medicine But though the develop- 
ment of new surgical specialties over the past thirty years has been justified 
by the work accomplished, it has led to a tendency for further subdivision that 
IS narrowly based on either anatomical regions, such as the head, neck oi 
extremities, or on the systems, cardiovascular, nervous, gastroenterological and 
uiological The fact that surgeiy was extended by specialization is not an indi- 
cation that further breakdown will produce greater progress The men who 
originally developed the specialties were, without exception, well grounded in 
general surgery If basic surgical training is lacking, a specialist is likely to 
see only the conditions related to his particular field of interest, rather than 
evaluate the patient as a whole 

Many advances m surgical thei apy have resulted from the investigation and 
development of new methods by men who devoted themselves to a limited 
field of suigery Some regions of the body, once neglected because they weie 
considered unapproachable, have been transformed into fields of highly suc- 
cessful accomplishment through the work of small groups of surgeons concen- 
tiating all their energy on the solution of seemingly hopeless problems Neuro- 
suiger}^ IS an outstanding example of such effort Prior to the time of Haivey 
Cushing’s unceasing studies and experiments, the mortality rate associated 
with the removal of brain tumors was over 50 per cent, and the majority of 
the lesions were not diagnosed before death By the close of his active career 
lie had reduced the mortality rate for these cases to 5 per cent, and even moi e 
important, he had opened up a new diagnostic approach which brought to light 
certain clinical entities until then unrecognized 

The present trend towards ovei -specialization is unfortunate, because more 
and more young men aie seeking training in the specialties without first com- 
pleting their full basic training in geneial surgery If American surgeiy is to 
continue on the high plane established over the past century, and if it is to 
contribute further improvement to patient care, then it is important that we 
consider critically the fundamental tiaining a surgeon should receive The 
basic principles of surgery apply to every specialty, and training m general 
surgeiy piovides the best foundation for evaluating a patient’s condition with- 
out undue emphasis on the part of the human anatom) that is the specialist’s 
i^hief interest If the specialties aie manned by men vith general training 
uho therefore think of a patient as a complete individual, they will be far 
better equipped to give the best in suigical therapy 

Specialists tend to sponsoi specialty hospitals The preceding tv o genera- 
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tions saw many such hospitals established throughout the countr) j\Iore 
recently, however, there has been a trend to reaffihate these institutions vith 
the large general hospitals and medical centers The specialty hospital, like the 
specialty, may make gieat contributions, since it selves as a place to' concen- 
trate the clinical material and talent so essential for advancement At present 
there is renewed interest m cancer and m cardiovascular disease, and both, 
because they account for so high a propoition of the deaths in our population, 
properly merit special consideration by the people’s money and by the pro- 
fession’s thought and effort The objectives behind an institution for nnproi- 
ing the diagnosis and tieatment of cancer are important and praiseworthy, 
but how they are carried out should depend on the country’s needs Whether 
such a hospital should produce cancer specialists rathei than further train 
those general surgeons who are especially interested in cancer is a debatable 
question It is my opinion that the country at large needs the latter nameh , 
able surgeons who are trained in the best treatment for cancer, rather than 
“cancer specialists” trained only m cancer work 

To increase the number of specialties and reduce the requirements in 
general surgery training would prove a pitfall to American surgery There 
can be little justification, in my opinion, for establishing a specialty such as 
proctology, which has been sponsored with little emphasis on general surgen 
training, but is designed to teach “medical and surgical proctology ” Such a 
designation would lead the public to believe that a man who has undergone 
this training would be the best equipped to treat rectal conditions It is obvious 
that the patient with a carcinoma of the rectum is safest in the hands of an 
able general surgeon who has technical skill and judgment of the highest 
order , he should not be victimized by those who can give him only palliative 
treatment because they lack the training which would enable them to under- 


take major surgical procedures 

The American Board of Surgery is to be commended for estalihshing 
standards of qualification for those who wish to do general surgery It has 
also stimulated the desire to provide more adequate training facilities This 
goal is sought by all specialty boards, and their aim is likewise commendable 
but unfortunately there is a trend at present among these boards to minimize 
the requirements m general surgical training for certification in a specialti 
The best in surgical accomplishment, no matter what the field, depends fun a- 
mentally on these principles of basic training that a surgeon is first of a 
well aware that each part of the human body is related to all other parts 
second, that a disturbance to one organ will affect the body as a who e, aiu 
finally, that relatively difficult procedures require more than particular know - 
edge of a special part of the body— that they demand full understanding o 


the basic principles of general surgery ,i„tprinr- 

Is the trend to establish more and more specialties an indica ion of 

al.on m American surgery' W'e should keep clearly 
o-eneral surgery into narrower specialties has nothing of men 
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achieve the goal of the best in surgical therapy various approaches will be 
tried, but the general aim should not be obliterated by innovations that deal 
chiefly with organization and divide responsibility in caring for the patient 
These are likely to emphasize the specialty rather than the fundamental prin- 
ciples of surgery that are so basically important 

Frank Glenn 


Editorial Address 

Original typed manuscripts and illustrations submitted to this Journal 
should be forwarded prepaid, at the author^s risk, to the Chairman of the 
Editorial Board of the ANNALS OF SURGERY 

John H Gibbon, Jr , M D 

Contributions in a foreign language when accepted will be translated and 
published in English 

Exchanges and Books for Review should be sent to Dr Gibbon at the 
above address 

Subscriptions, advertising and all business communications should be 
addressed 


ANNALS OF SURGERY 
1025 Walnut Street, Philadelphia 5, Pa 



f 


BOOK REVIEW 

Shock and Allied Forms of Failure of the Circulation, by H H Davis, Kew 
York, Grune and Stratton, 1949 

This book IS essentially a huge collective review of the literature on shock and as 
such, It IS very well done It is carefully and completely documented in a tremendous 
bibliography If the reader is interested in research in the field of shock and shock 
therapy, he will find this to be a good source book The practitioner will find the index 
very useful m checking information limited to specific problems arising in practice In 
contrast to the post-graduate student of the subject, one would hesitate to recommend 
such a work to a medical student because he would, in all probabihti, become lost m the 
mare of controversial literature and minutiae and carry away with him no clear-cut ideas 
to apply to his clinical problems 

Our Ignorance of how to treat shock is emphasized b3^ the fact that although the 
author devotes 516 pages to describing the physiological and biochemical aspects of the 
shock state, he needs only 59 pages to do justice to the matter of treatment 

This reviewer disapproves of the term “pseudoirreversible shock” proposed bv the 
author As used by him, it includes simply incompletely treated cases of shock and there- 
fore seems to serve no useful purpose 

The final chapter, which is on treatment, contains a few statements with which 
many will take issue Some of these concern the use of plasma in burn shock and the 
categoric rule given for governing rate of transfusion in shock Very little is said about 
ante operative blood volume studies or the measurement of venous pressure during 
massive transfusion 

Milton R Portfr, M D 
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ADDRESS OF THE PRESIDENT 

MISSION ACCOMPLISHED THE TASK AHEAD •= 

Fred W Rankin, M D 

Lexixgtost, Kentucky 

It is my first and very agreeable duty to express to you my piofound 
appreciation of the honor of my selection to preside over your deliberations 
at this, the sixty-mnth annual meeting This accolade of surgery comes to 
me, I am fully conscious, not because of any peisonal achievement or any 
merit which I might possess, but as a recognition bestowed upon a represen- 
tative of the surgeons of the United States who served in the armed forces 
during Woild War II 

Like man}'- other members of this Association, I have been privileged to 
serve m the Army of the United States during two world wars Because of 
that dual expeiience it is meet that I address you on the activities of the 
Medical Depaitment of the Aimy during World War 11, that I acknowledge 
my indebtedness to the men w'ho helped me carry out my duties, and that, in 
particular, I discuss the immediate care and rehabilitation of battle casualties 
All phases of their medical management were deeply and favorahl} influenced 
by the counsel and aid of almost e\ery member of this Association, whether 
or not he seived in uniform 

*' Read before the American Surgical Association, St Louis, Mo , April 20, 1949 
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We still live in a twilight zone of tension The world still wears the 
habiliments of war The guns may be silent, but there is still no peace Con- 
flicting ideologies, endless irritations, unfettered national ambitions and world- 
wide selfishness all seem to be driving inevitably toward World War III 
We still do not know whether or not there will be peace in our time Until 
we know, and know beyond peradventure, we have no alternative but mili- 
tary preparedness, of which medical preparedness is an essential part 


THE MBDICAH PROFESSION IN THE TWO WORLD AVARS 

The long shadow of World War II fell across the United States long 
before we became active participants in it Yet we found ourselves plunged 
into it with the abruptness which has characterized our entrance into most 
of the wars of our history And, as has happened in other wars, the armed 
forces in general and the Medical Departments of the Army and Navy in 
particular were gravely unprepared The explanation, of course, is simple 
This IS a free and democratic country, where many factors militate against 
preparedness and where the will of the people does not countenance, indeed 
IS actually hostile to, a large military establishment 

Probably the most important reason, from the medical standpoint, of our 
perpetual unreadiness for war is that when war comes, civilian physicians 
must bear the entire burden of the professional services 

At the outbreak of hostilities on 7 December, 1941, there were approxi- 
mately 1,200 medical officers in the Regular Army Medical Corps Some 
Reserve and National Guard officers were already serving in the army that 
was coming into being under the Selective Service Act, but Avith the rapid 
expansion required when we entered the war more vigorous action was 
demanded It was necessary, without further delay, to mobilize all physicians 
in these categories who were not already in service, to equip, tram and allocate 
them, and to institute, in conjunction with other governmental agencies, pro- 
cedures which would meet the future needs of the services In World War I 
some 31,000 medical officers were commissioned from civilian life Before 
World War II ended, approximately 60,000 medical officers had been com- 
missioned in the Army and the Air Force and approximately 12,000 had been 
commissioned in the, Navy As these figures show, the response of the American 
medical profession to the needs of the nation Avas prompt and Avholehearted 
It recognized the task which had been placed upon it by our active participa- 
tion m the war, accepted its new responsibilities, and began to reorganize 
the whole pattern of its professional life One thing that it promptly per 
ceived was that protection of the civilian health was just as large and impor- 
tant a problem as was the supply to the armed forces of an adequate imm er 
of medical officers to care for the sick and Avounded The dual per 0 
was competently achieved, albeit Avith some of the Avasteful excesses c 

"Tth: otrr/XM W. I, as Bsewer po.nted out .n H.s pres.denfa. 
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address before this Association in 1920, 153 of its members, 33 of whom were 
Senior Fellows, volunteered for service and served in the anned forces at 
home, in the American Expeditionary Force in France, or in other wartime 
activities of the government During World War II, when the over-all situa- 
tion was so greatly changed, the response of the Association to the needs of 
the nation was equally praiseworthy Fifty-eight of the membership, including 
SIX Senior Fellows, were in uniform, and practically all of the remaining 
members were engaged, either directly or indirectly, in some phase of mili- 
tary activity in medical schools and on Selective Service Boards or were 
participating in the war effort 111 some advisory capacity 

I would be remiss in my duty did I not acknowledge the debt of the Army 
Medical Corps to a special group of medical men, practically all of them 
members of this Association, the Committee on Surger}^ of the Division of 
Medical Sciences of the National Research Council From the professional 
standpoint their untiring efforts and mature advice contributed inestimably 
to the conduct of the war They evaluated innumerable scientific avenues of 
approach to medicomihtary problems, including, among others, the control 
of infection, the evaluation of blood and blood substitutes, the influences of 
various agents and processes on wound healing, the efficacy — or the lack 
thereof — of many methods of wound sterilization, and the value of protective 
armor In addition to these specific accomplishments, and perhaps just as 
important, this committee stood as a stout buffer against all adventurers, the 
well-meaning and the fraudulent alike, who offered to the government in 
overwhelming numbers gadgets of various kinds and therapeutic cure-alls 

The work of this committee on the proper evaluation of agents to control 
infection is a service of which I would speak particularly At the outbreak 
of the war the Surgeon General was placed in a real dilemma concerning the 
use of chemotherapeutic agents 

He received confusing advice from certain nonsurgical specialists — overly- 
enthusiastic — who arrogated to themselves the treatment of infections pre- 
viously regarded as entirely in the province of the surgeon His difficulty 
was compounded by reports, later proved to be overly-enthusiastic, concern- 
ing the efficacy of the sulfonamides at the Pearl Harbor disaster As a result, 
grave mistakes were made early m the war Later the situation was clarified, 
the intensive scientific studies of the Committee on Surgery and of its Sub- 
committee on Surgical Infections done in civilian hospitals furnishing the 
solid background for the military experience bj^ which bacteriocidal and bac- 
teriostatic drugs were relegated to their proper status, that is, adjuncts to 
adequate surgery 

In numerous respects a comparison of the medical aspects of World War I 
ind World War II is instructive American participation in World War I 
vas short and was confined to a single theater, the European In World War 
I, It extended over almost four of the six j^ears of the conflict and four major 
heaters of operations were developed medicall}’^ as well as militaril} 
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In World War I the war on the European front was static and trench 
warfare was the rule Troops therefore lived underground amid unbelievably 
bad hygienic conditions, lack of sanitation, and exposure to disease, which 
probably caused more casualties than did enemy weapons Their physical 
condition degenerated and recovery from wounds and infections was slow 
In World War II the advent of armored vehicles which operated in the 
open made for mobility on practically every front, though the disappearance of 
trench warfare did not prevent a tragic experience with trench foot Amer- 
ican troops landed m Africa, Italy, Normandy and France, and on innumerable 
islands m the Pacific For the most part they were not battle-tried, but they 
were physically fit and they had been acclimatized to active service conditions 
Along with the activity on the fighting fronts came an enormously increased 
fire poiver on the ground, through the air, and by mechanized units, a com- 
bination of circumstances which required innovations in the care of the 
wounded 


THE CONSULTANT SYSTEM IN WORLD WAR II 

Within six weeks after the United States had entered World War II there 
was established in the Office of the Surgeon General a professional services 
division which was m sharp contrast to the prototype of this organization as it 
operated m World War I In that war the consultants’ division consisted of a 
casual group of medical men who served only part-time and who, m many 
instances, were not even in uniform These civilian surgeons, many of them 
the most eminent in the country, weie invited to the Office of the Surgeon 
General to advise him, sometimes on a rotating basis, sometimes merely as 
the needs arose, but all of them maintained their civilian responsibilities In 
World War II, I think it is greatly to the credit of Surgeon Generals Magee 
and Kirk that the consultants in their office served in uniform throughout the 
war, on the sound basic concept that medicine and surgery should be practiced 
on a parallel to that in civilian life, namely, by specialization 

The heart of the professional program of the Army Medical Corps was the 
consultant service, manned by properly trained, widely experienced, and fully 
equipped medical men I think it can fairly be said that this concept was fully 
implemented All consultants were selected after thoughtful consideration, on 
the basis of their training, ability, accomplishments and professional eminence 
I need not remind ^ou how man)’’ of them, both in the Zone of the Interior and 
overseas, were Fellows of this Association 

When the Professional Services Division was formed in the Office of the 
Surgeon General, there were three major specialties, surgery, medicine and 
preventive medicine, represented Later a division of neuropsychiatry was 
added Consultants in the various subspecialties were then appointed, not 
only in the Surgeon General’s Office but also in ever}^ service command in the 
Zone of the Interior and in the Mediterranean, European, auna-Burma- 
India, and Pacific theaters Here, again, comparison vith World Mar 
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suggests itself Thcic nothing like this Upc of oigani/ation in the service 
commands in this counti} in Wot Id Wai T 

In the o^erseas theatei. ho\\c\ei, a consultant seivice was developed under 
Geneial I M T Finncx and Colonel \\ T. Kellei . both of them Fellow^s of 
this Association, which had the wai lasted longci, would unquestionably have 
expanded and opemted along miKh the ‘>ame lines as the ovciseas consultant 
serMces in World War IT 

The function of the surgical consult.ult‘^ in Woild Wai II ina} be loosely 
defined as the e<^tahhshincnt and piomotion of high suigical standaids h} (i) 
forniiilatioii of policies and (2) ^election and .dlocation of peisonnel The 
first of these objectives oh\iou<;l\ depended upon the second It was imme- 
diateh apparent to me upon nyv ajipointment as Chief Suigical Consultant 
that if the caie of battle casualties and the conduct of suigical procedures 
were to he in niilitarv hospitals m the field and in the Zone of the Intel lor, 
on the level of similar accomplishments m civilian piactice the kev' to success 
lay in the selection of jiioperlv tiained peisonnel Constant assessment and 
reassessment of the assignment of suigeons before we vveie actually engaged 
in combat and thioughout the war were perhaps of gieatei importance and 
more fruitful m results than mo'^t of the other duties earned out bv the Sui- 
gical Consultants Division 

The highl} critical comments often made conceining the malassignment of 
medical officers were, I am afraid, sometimes justified from the individual 
point of view In an organiration which within the space of a few months, 
had iiiushroomed from less than t ^00 men to times that number, it was 
almost inevitable that some administrative cirois should occui I assure 5mu, 
however, that whenever thev were found, they were vigorously pursued by 
the Surgeon General's Ofificc and I think that on the whole the} vveie kept to 
a minimum That considerable success was achieved in the assignment of 
surgical personnel is evident fiom a survey made in 1925 A sample of 922 
surgeons qualified in vaiious specialties and serving in the Zone of the 
Interior showed that 96 per cent of them vveie doing surgery in their own 
fields m Armv hospitals The othei 37 vveie serving as consultants in the 
uine service commands 01 were assigned to the Suigeon Geneial’s Office 

It was the earnest desire and consistent endeavmi of the theatei and Army 
consultants that there be a parallel disposition of specialized talent in overseas 
installations, and it can fairh be said that consideiable success was achieved 
The program of supei vision, co-01 dination and policy making wdiich orig- 
inated m the Surgeon Geneial’s Office and vvdiich wms integrated throughout 
the v^arious echelons in the Zone of the Interioi and theatei s of operations 
resulted m a remarkably equable disposition of talent and m the consequent 
maintenance of a standard of suigery that was alw^ays compaiable, and fre- 
quently superior, to that available to a cioss section of the civilian population 

The consultant system was the keystone of the aich, the essential element, 
of the laudable surgical recoid achieved by the Army Medical Corps m World 
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War II I tell you nothing, however, that you do not already know when I 
say to you that numerous organizational difficulties attended its full imple- 
mentation For this, there were a variety of reasons so-called bulk allotment 
of personnel, limitations of rank, rigidity of unit organization, and the absence 
of a consultant specification m Tables of Organization Furthermore, the line 
of communication within the consultant system, itself, was extremely unsatis- 
factory Since the consultants were essentially advisors, without command 
responsibilities, they should have had what they never had, a clear line of 
communication within their own system, organizationally pyramidal in struc- 
ture and converging at the summit m the person of the chief consultant 
Within such a system, had it existed, technical control could have flowed 
down peripherally, flexibility of movement would have been possible, coordi- 
nation of activity would have been encouraged, exchange of information would 
have been prompted, and the whole system of operation would have been 
more effective 

The relationship of the consulting surgeon to an army or a theater or a 
service-command necessarily revolved around his relations with the line A 
medical officer, regardless of his rank, always had to keep in mind the impor- 
tant fact that he was an advisor and had to remain an advisor His opinions, 
properly, had to be subordinated to the tactical situation Yet despite these 
restrictions it was his duty to express his opinion firmly, fearlessly and tact- 
fully It was his duty to raise his voice although none knew better than he 
that all too often, like the Prophet of Israel, his was a "voice crying in the 
wilderness” His opinions on important and fiequently vital professional 
subjects were usually accepted, were occasionally rejected, and were almost 
always modified Frustration, in short, was likely to be the lot of a medical 
officer, regardless of the echelon in which he served 


THE CONSULTANT SYSTEM IN OVEKSEAS THEATERS OF OPERATION 

Let US examine, for a moment, the work of the consultant system in 
overseas theaters of operations in World War II In the Pacific Theater the 
consultant system came into being late and was never fully implemented, partly 
because of the shortage of personnel and partly because of the deliberate 
postponement of a major effort in that area until the conclusion of the 
European phase of the war 

In the Mediterranean Theater, which served somewhat as a proving 
ground for future medical activities, the operation was confined to, and was 
executed by, a single army, the Fifth, whose maximum strength was eight 
American divisions The operation was both holding and assault in character 
The medical personnel was probably the best ever supplied to an armj^ oper- 
ating in the field The professional care of battle casualties was excellent 

The European Theater of Operation was recognized by one and all as the 
maior theater of the war The fighting was primarily offensive The inore 
than 70 American divisions, together with the numerous Allied divisions vhicli 
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participated in the assault, were held together m Army Groups instead of 
single annies In this theater the care of the wounded was handled admirably 
due m large measure to the indomitable spirit and remarkable personality of 
the late General Elliott C Cutler The liaison which he established with the 
American Command and uith British and French surgeons was unusually 
happy The result of his efforts was the surpassingly good care which our 
battle casualties received 

The successes of the consultant system m the major theaters of operations, 
as V ell as in the Zone of the Interior, were personal triumphs for the consult- 
ants They refused to be shackled by the circumstances under which they had to 
work, and the outcome was happy and desirable We would do well to remem- 
ber, however, that had they been men of different personalities, men of less 
professional and moral courage, the outcome might well have been different 
and the medical care of battle casualties might well have been seriously 
handicapped 

All surgical consultants in overseas theaters functioned with extreme 
effectneness, but they had to rise above the system to do it They had to 
overcome the limitations of authority and the difficulties introduced by the 
subordination of the Army Medical Corps, a professional service to a Service 
of Supply which dealt in commodities and in nonprofessional services 

SPECIALIZATION IN THE Z I 

The administration of the surgical specialties in the Zone of the Interior 
differed from their administration in zones of combat only m the number of 
personnel employed under changing conditions I acknowledge my obligation 
to the consultants who worked in the United States during the war They 
carried out manifold duties and bore heavy responsibilities If, however, I 
were asked to name their greatest achievement I would say, without hesitation, 
that it was the establishment of specialized surgical centers in the general hos- 
pitals These centers, which clearly reflected the Surgeon General’s desire to 
foster specialized surgical care, represented an innovation in the professional 

services of the Army 

As time passed, there were created six amputation centers, 21 neurosurgical 
centers, five thoracic surgery centers, three vascular surgery centers, eight 
plastic surgery centers, eight centers for ophthalmologic surgery, two centers 
for the rehabilitation of the blind, and three centers for the rehabilitation of 
the deaf These installations were provided with the most modern general 
and specialized technical equipment required in each field More important, 
they were staffed by men who were highly competent in their specialties and 
whose time and effort could be used to the fullest advantage, and with a mini- 
mum of waste, because their patients were concentrated I do not exaggerate 
when I say that many casualties, who m earlier wars would have remained 
casualties forever, were restored to useful and productive lives 
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These centers served a fuither purpose They afforded an opportunity 
n ° training to young surgeons whose residencies and apprentice- 

ships had been interrupted by the wai Foi obvious reasons, nothing approach- 
ing the complete training afforded by civilian teaching hospitals in peacetime 
could be undertaken in these centers, if only because the pressure of work 
would not peimit it But it is not too much to say that the training program 
which was carried out under civilian specialists in uniform compared very 
favorably with its counterpart in civilian practice The specialty boards accepted 
that point of view when they decided to grant credits for it in their require- 
ments for certification 


The training program in neuiosurgery is perhaps the best illustration of 
this achievement It was undertaken as a matter of sheer necessity When, in 
February, 1942, we began to mobilize specialized talent for the care of our 
aimies overseas and at home we were astounded to discover that in the whole 
United States there were only 154 certified neurosurgeons The significance 
of that number did not become fully apparent, however, until we found that 
to meet the Tables of Organization of Army hospitals it would be necessary to 
strip every civilian clinic of its neurosurgical personnel And even then the 
Army would have been left short 

Army needs had to be met Something has to be left for civilian needs 
The most practical solution was to train young general surgeons, as quickly as 
possible, in the essentials of neurosurgery A program of instruction was 
Ikerefore set up, the first part consisting of didactic lectures and anatomic 
Rsections, the second part of clinical training in neurosurgical centers m the 
pnited States In these centers, by lectures, ward rounds, work in the oper- 
ting theater, and waid work, the young suigeons who had completed their 
didactic and theoretical training were taught the practical aspects of traumatic 
neurosurgery In all, some 200 young general surgeons were thus trained, 
and the exceptionally fine service which they rendered overseas and at home 
is the background for the unprecedentedly good care which neurosurgical 
:asualties received in World War II Without this training program it could 
not possibly have been accomplished 

To my mind, this demonstration of the possibility of rapid training of 
specialists in an emergency is one of the major medical accomplishments of 
World War II If it proved applicable to the training of neurosurgeons in 
rime of war, it should be equally applicable to the training of other surgical 
specialists in any other emergency That is a significant possibility from the 
military point of view, but it has its lessons for civilians as well In the pre- 
var years there was a decided tendency in all the surgical specialties, includ- 
mo- neuiosurgery, to underestimate, and even to belittle, the value of a sound 
background m general suigery The war experience makes it possible to saj 
flatly that this sort of background is highly important m the training of all 
surgical specialists, and that in time of war the possession of such a back- 
ground is almost essential 
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THE CLINICAL ACCOMPLISHMENTS OP WORLD WAR II 

Moliahfy In each majoi war for which statistics aie available, beginning 
with the Peninsulai Wais, the death rate of the pieceding war has been halved 
The impiovement in Woild War II was even greatei, the peicentage of men 
dying of wounds being 3 3, as compaied with 8 i in World War I In wounds 
of the most potentially lethal poitions of the body, that is, the head, chest and 
abdomen, the mortality lates in World War II weie almost 65 per cent lower 
than similar rates in ^^^olld Wai I This is a gam that is worthy of high 
piaise, though the unhappy lealwation lemains that had we leained many of 
our lessons earlier 111 Woild Wai II, we might have saved many more lives 
I make that statement sobeily, with full consciousness that Woild War II 
lasted much longer than Woild Wai I, that it was fought ovei dififeient types 
of terrain, and that it was fought with fai moi e lethal weapons 

The four factois uhich most vitally influenced the mortality and moibidity 
lates foi battle injuiies in World War II were 

1 The availability of a laige numbei of excellently trained young siii- 
geons, who could be placed well forward in combat aieas 

2 Improved methods of resuscitation, including, among other things, the 
lavish use of blood and blood plasma This improvement underlay success m 
all fields of surgery in World War II. and it would be impossible to speak 
of It without making special mention of Colonel Henry K Beecher To him 
goes the ciedit foi the pattern of resuscitation developed 111 the Fifth Army 
and advantageously followed throughout the rest of the war by all other 
Army elements His concept of resuscitation and its able implementation 
resulted in deliveiing to the surgeon a patient who, m spite of the circum- 
stances of battle, always presented a better risk than he had piesented when 
he was brought ofif the field and who frequently presented an optimum risk 

3 The contiol of infection by antibiotics and chemotherapeutic agents 
which, it should be emphasized once moie, were properly used only as adjuncts 
to surgery 

4 Improved transportation facilities and, in particular, transportation by 
air, which permitted rapid evacuation from forward positions all the way to 
the Zone of the Interior 

Upon these factors and their ancillary ramifications rested the hopes of the 
surgical program The ultimate evaluation of the care of battle casualties and 
the marked lowering m the general and special mortality rates amply testify 
to the competence with which they were applied 

The Management of PFounds It would be difficult to challenge the asser- 
tion that no epoch-making discoveries came out of World War II in respect 
to the treatment of battle wounds Old principles employed in past wars were 
modified and surgical progiess was forwarded by manj'- ingenious innovations, 
but nothing really new came into existence The three stages of wmund man- 
agement, namely, early and complete debridement, delayed (so-called sec- 
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ondary) wound closure and reconstructive surgery, were exactly sinnlar to 
the pnncples employed in World War I They were modified and refined 
m practice, with infinite advantage to the wounded soldier, but as principles 
they remained unchanged ^ 

Debridement was done close to the front line Transportation facilities 
permitted rapid evacuation to hospitals far to the rear, or, m the European 
1 heater, to England, for the second phase of the program Practically all of 
the reconstructive surgery was done in hospitals in the Zone of the Interior 

The debridement of war wounds had its beginning in principle under 
Desault and his pupil Larrey, Napoleon’s Army surgeon, who vas unques- 
tionably one of the great military surgeons of all time The exact meaning of 
the term, however, has somewhat altered over the years Desault and Larre} 
described debridement as a deep incision for the purpose of exposing the 
anatomic structures and exploring and draining the wound, but Desault 
believed, as the surgeons of World War II learned if they did not already 
know, that the excision of dead tissue was the more important part of the 
procedure 

Recent usage has made the term debndement synonymous with excision 
or revision of the wound, but there was so little difference betv een the prin- 
ciples and practice of this operation as it was performed in World War I and 
m World War II that Pool’s article on the subject published m 1919 might 
equally well have been published after the second World War 

After debridement, however, the surgeons of World War II had an enor- 
mous advantage over the surgeons of World War I In the late war there 
were available extraordinarily efficacious sterilizing agents which controlled 
infection, even of the gravest kind Gas infection, which had been so frequent 
m World War I, was conspicuously infrequent in World War II, partly 
because of prompt operation and satisfactory transportation facilities, partly 
because of the more favorable terrain over which the fighting was done, and 
in large part because of the use of chemotherapeutic and antibiotic agents 
which, although they perhaps had little if any effect upon gas-producing 
organisms, were definitely inhibitory to symbiotic bacteria When one recalls 
that sterilization of wounds in World War I was chiefly confined to the 
utilization of the cumbersome and inconvenient Carrel-Dakin technic, one is 
able to appreciate more fully the striking changes in the picture ^ 

One of the surgical lessons which was really learned well in World War I 
was that primary wound closure was disadvantageous and actually contrain 
dicated It had an extensive trial and it was finally given up, except under- 
ideal conditions Early secondary closure, or delayed closure as we called i 
in World War I— a difference only in nomenclature— was practiced ^3’ «euer, 
Pool and others at Evacuation Hospital I at Sebastopol, France, and Rene 
LeMaitre and DePage both recorded gratlfs-ing end-results “ ^ 

of cases handled by this method The interval belneen d*”*™ , 

wound closure varied from one day to six to ten days, depending upon loe, 
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conditions and depending also upon the bactenologic findings, which then 
furnished the chief criterion for the decision 

In World War II clinical criteria were largely substituted for bactenologic 
criteria and proved entirely reliable It is safe to assume that the properly 
conducted second stage of wound management in the base area, following a 
properly conducted debridement in the forwaid area, was at the heart of the 
very satisfactory mortality and morbidity statistics of the second World War 

JVounds of the Exti enuties Wounds of the extremities have always con- 
stituted a major proportion of all wounds in all wars In World War II they 
made up approximately 83 per cent of all battle-incurred wounds The num- 
ber vas increased first by the large numbeis of fractures which occurred dur- 
ing the training period and second by the conversion of the Army to motor 
transportation and by the utilization of tanks in battle I do not have the exact 
statistics, but it IS m}^ own belief that the fractures incurred in tiainmg pro- 
grams, maneuvers and similar activities equalled, or perhaps exceeded, the 
number incurred by enem}^ action 

The picture of wounds of the extremities in World War II, as in all wars, 
was complicated by the frequent association of fractures with wounds of the 
soft parts and of blood vessels and nerves The association was more frequent 
in this conflict than it had been in previous wars because of the high fire 
power of both artillery and bombs from the air, which had a wide range of 
devastation and which ^^ere far more damaging than similar agents used in 
World War I, when some sort of protection was possible against known 
shell trajectories 

The management of compound fractures in World War II showed remark- 
able improvement in the technical phases of management in forward hospitals 
and in the broad application of such procedures as early secondary closure or 
delayed internal fixation of mal-aligned compound fractures in base hospitals 
The general concept, which was essentially sound, was that an injuiy to a bone 
should be treated on exactly the same surgical principles as an injury to any 
other tissue of the body Furthermore, the program of management was 
predicated on the fact that all battle fractures must be regarded as septic, 
partly because they were usually associated with extensive damage to the 
soft parts and partly because they were so often received under conditions 
favorable to the introduction of foreign bodies and bacteria 

The program of management of compound fractures in their early stages 
was admirably summed up by Hampton The spotlight, he noted, was removed 
from bacterial flora to the pathology of the open wound, and the surgical pro- 
gram was based on excision of dead tissue, whenever and wherever it was 
found, obliteration of dead space, or its dependent drainage, staged closure 
of the wound , atraumatic technic, with fine hemostats and ligatures , pressure 
dressings , adequate reduction and immobilization of fractures , precise splint- 
ing, and the adjuvant use of penicillin and whole blood 
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These surgical principles were learned early m the war, m the North 
fncan-Mediterranean Theater When they were applied to the large num- 
bers of compound fractures received in the Normandy landings and elsewhere 
in the European Theater, and when they were supplemented by the great 
reduction in the time lag brought about by improved transportation facilities, 
the soundness of the new program of management was irrevocably affirmed 
Nerve Injuries Contrary to pre-war predictions, nerve injuries consti- 
tuted nearly lo per cent of all battle casualties in World War II In numbers, 
in seriousness, and in the duration of the necessary treatment the neurosur- 
gical was second only to the orthopedic load It is still impossible, and perhaps 
never will be possible, to determine accurately the number of these wounds 
I think it likely that the overall figure will be close to 100,000 

The management of a neurosurgical load of this size was a colossal task 
which was brilliantly initiated in the European Theater by Colonel Loyal 
Davis When he returned to the States because of ill health, he was succeeded 
by Colonel R Glen Spurling who earned the program through to a successful 
completion Colonel Spurling then returned to the States as Consultant in 
Neurosurgery in the Office of the Surgeon General and in cooperation with 
Colonel Barnes Woodhall was responsible for the program in the neurosur- 
gical centers which was so vitally important 

The collaboration and wise counsel of Dr Jason Mixter, who sensed as 
Civilian Consultant in Neurosurgery to the Surgeon General’s Office, is grate- 
fully acknowledged as a fine contribution to the war effort 

The details of the highly successful neurosurgical methods used m World 
War II have already been recorded m detail in the literature and need no 
repetition I would like, however, to comment briefly on three major cate- 
gories of neurosurgical casualties, head injuries, peripheral nerve injuries, and 
injuries of the spinal cord 

The management of acute penetrating wounds of the brain in World \^^ar 
II followed with no essential modifications the basic concepts formulated by the 


late and great Harvey Cushing for the management of similar injuries in 
World War I The neurosurgeons of World War II, however, unlike those of 
World War I, had almost perfect control of the infection which so often 
turned success to failure in the earlier war Thanks to the sulfonamides, and 


later to penicillin, to liberal supplies of blood and plasma, and to rapid evacu- 
ation by air, Cushing’s original principles were adapted to military circum- 
stances in the second World War in a fashion which even that brilliant sur- 
geon, with his imaginative outlook on neurosurgical problems, would not ha^e 
dreamed possible in 1917 and 1918 

Perhaps the most important thing the neurosurgeons learned about heacl 
trauma in World War I— it was proved amply again in IVorld War II vas 
that, unless the patient’s condition were de^norating, it 
hurry him into an emergency operation He was, in fact, better fo . 
which permitted adequate resuscitation and also permitted operation under an 
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optimum enviionment This policy reduced morbidity and prevented mortality 
It also had piactical advantages foi other wounded men The front line sur- 
geons, with a deal conscience, could send patients with head injuiies to the 
rear w hile they busied themselves with urgent cases in which delay could not 
be tolerated and while, m addition, they kept beds in the forward zone clear for 
111 gent casualties 

In one respect the most significant contribution made by Army neurosur- 
geons during World War II had to do with peiipheral nerve injuries, since 
they constitute a problem which can be solved only in time of war In World 
War I the same opportunity existed but it was lost because no accurate or 
comprehensive follow-up studies were made In World Wai II that error was 
avoided Eaily m 1944 a Peiipheral Nerve Registry was set up in the Surgeon 
General’s Office, in winch, b}^ the end of the war, more than 8,000 peripheral 
nerve injuries had been entered Several interim analyses have already been 
made, and when, at the close of the appointed five-year period, the final 
analysis has been completed, the lesults of peripheral nerve surgery in World 
War II will be unequivocally clear and the pattern will be established for the 
proper management of similar civilian injuries 

An extremely impoitant, and ceitainly the most humane and dramatic, 
development in military neurosuigeiy in World War II was the program for 
the care and rehabilitation of soldiers with injuries of the spinal cord These 
casualties, in the acute phases of their injuries, were primarily neurosurgical 
problems and the neurosurgeons saw to it that every man with a penetrating 
wound of the spine had the benefit of prompt surgical exploration by experi- 
enced personnel Neurosurgeons, furthermore, worked unceasingly to expedite 
the transportation of these patients from forward hospitals to rear echelon 
installations adequately equipped for their treatment The transportation of 
casualties with spinal cord injuries, as I need not remind you, is a chapter of 
achievement 111 itself 

I do not hesitate to assert that the reason so many of these tragically 
wounded men are alive today and are rehabilitated is the faithful and unre- 
mitting endeavor of all concerned in their care, beginning with the neurosur- 
geons, to supply prompt and expert treatment to them in the first phases of 
their injuries As soon as possible after initial surgery paraplegic casualties 
were evacuated to one or another of the 21 paraplegic centers in the Zone of 
the Interior Here a rehabilitation program was begun, based on the well 
recognized policies which had proved their effectiveness in civilian clinics but 
which were applied in the Army centers with an efficiency and zeal and sympa- 
thetic understanding that far surpassed any previous effort Great credit for 
the success of the program belongs to the individual urologists, orthopedic sur- 
geons, rehabilitation and dietary experts, physical therapists and other special- 
ists who shared with the neurosurgeons the responsibility for it Even more 
credit belongs to them as a group, for they provided an example of whole- 
hearted, efficient medical and surgical cooperation that is unique in Army and 
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of the Army paraplegic program was to enable every such casualty to resume 

his fortner place in cmlian life It is a source of happiness and satisfaction 
to all who participated m the effort to realize that that goal has been achieved 
beyond what any of us dared to hope 

Vmcnlm Injunes The number of patients with vascular injuries received 
in the Zone of the Interior from the combat areas so far exceeded all expec- 
tations that the establishment of centers for their specialized care was almost 
inevitable The vascular center at Ashford General Hospital, which logicallj 
was headed by Colonel Daniel C Elkin, with his long-time interest in vascular 
and cardiac injuries, served as a sort of pilot plant for the centers at Mayo 
General Hospital, under the direction of Colonel Harris B Shumacker, Jr , 
and at DeWitt General Hospital, under the direction of Colonel Norman E 
Freeman The astonishingly low mortality achieved m these centers — ^four 
deaths in 803 operations for aneurysm and arteriovenous fistula, for instance — 
and the equally remarkable functional results, are all the testimony one needs 
as to the wisdom of the policies adopted in this field of surgery 

It ought to be emphasized that far more than vascular injuries became the 
business of the vascular centers Well over a thousand patients with cold 
injuries, chiefly trench foot, were treated at the Ashford Center alone, and all 
three centers have to their credit a brilliant record of treatment of this condi- 


tion, a record which counterbalances, so far as that is possible, the unhappy 
record of its prevention, or, more correctly, of the failure to prevent it I need 
not remind you that the incidence of trench foot in the Mediterranean and 
European Theaters is one of the blots on the Arinj'^ record in World War II 
though I feel perfectly justified in adding that if the warnings of the Surgical 
Consultants Division had been heeded by Command the record would have 


been quite different 

A significant and important phase of the work of the vascular centers was 
the investigative program carried out, in one form or another, at each of them 
The clinical and physiologic studies which were made will be of lasting use- 
fulness in the management of civilian vascular diseases As the result of these 
investigations, many of the problems in this field which had hitherto been 
unsolved, or the solution of which had been based on little more than specula- 
tion and presumption, were solved or are well on their way to solution 

Equally important are the follow-up studies now being carried out under 
the direction of the National Research Council and with the cooperation of tlie 
Veterans Administration The critical evaluation of late results is of greater 
worth because of the continuous detailed observations made upon these men 


from the time of injury 

I have little doubt that these vanous studies will remain one of the largest 
and most successful contributions which will ever be made to the Knowledge 
of the pathologic physiology of vascular injuries and of their nianageme 

302 



Volume 130 MISSION ACCOMPLISHED 

Number 3 

Abdominal lupines Abdominal wounds are always the most serious of 
battle injuries because they are seldom simple It is the exceptional case in 
which only a single viscus is injuied Wounds of the small intestine are almost 
always multiple and are frequently associated with damage to the laige intes- 
tine and to the bladder, kidney and spleen Moieover, lo per cent or more of 
all abdominal wounds are abdominothoracic, a variety which is far more 
serious and more difficult to manage than wounds confined to the abdomen 

These generalizations all apply to the abdominal injuries encountered in 
World War II, and it is therefore pleasant to be able to report that while the 
mortality for these wounds in Woild War I was between 6 o and 75 per cent, 
in World War II it was reduced to between 25 and 35 per cent, although the 
percentage of operability w as the same m both conflicts The improvement is 
clear proof of wdiat earlier surgery and bettei methods of resuscitation can 
accomplish 

As to methods, no outstanding changes in technic were developed in 
World War II, though it did become routine to exteiionze all wounds of the 
colon, except those of the cecum and ascending colon, which could be handled, 
like w^ounds of the small intestine, by primary suture It also became routine 
to perform colostomy m all wounds of the rectum, with a considerable improve- 
ment in results because the diversion of the fecal stream reduced the amount 
of infection 

Early m the w^ar it was customary to introduce sulfonamides into the 
peritoneal cavity in all abdominal w'ounds This method was soon found to 
be fraught wnth considerable danger of adhesions and of intestinal obstruction, 
and it w^as abandoned by order later 111 the w'^ar 

Damage to the kidney and spleen usually called for splenectomy and 
nephrectomy Wounds of the liver w ere rapidly fatal in a high proportion of 
cases, though at that, a surprising number of lives were saved by immediate 
operation The control of hemorrhage w^as the immediate objective of lapa- 
rotomy, wffiich w^as performed whenever the casualty survived long enough to 
permit it, for enormous damage was done to the parenchyma of the liver, espe- 
cially if the missile had been fired at short range 

The mortality of abdominal wounds is difficult to evaluate and statistics 
are frequently misleading because of the multiplicity of wounds and the cir- 
cumstances of W'^ounding 'I here is no doubt, how^ever, that the lives saved 
in this type of injury in World War II can be attributed to adherence to the 
principles just outlined and to a postoperative regimen in which skilled nursing 
care was supplemented by nasogastric suction, chemotherapy and antibiotic 
therapy, the lavish use of blood, and the correction of protein and vitamin 
deficits 

Thoracic Surgei’y The first substantial advances m the field of thoracic 
surgery, regardless of the lesion, occurred in World War I In the interim 
between the wars important contnbutions from various surgical clinics all 
over the world established the feasibility of this branch of surgery, and World 
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War II furnished an enormous clinical laboratory m which to test old and 
new concepts 

' The final statistics on injuries of the chest in World War II are still to 
he compiled, but it is safe to say that they will prove considerably lower than 
m any previous war In 1944 Carter and DeBakey reported a mortality rate 
of 8 I per cent in more than 20,000 chest wounds treated up to that time, 
against a mortality for similar injuries in World Wai I of 24 5 per cent 
It IS tempting to attribute these results to the adoption of new and radical 
operative procedures perfected between the two world wars, but it would not 
be true Actually, lobectomy, pneumonectomy and other radical thoracic 
operations found little place in the treatment of wounded men Refinements 
in surgical technic and the availability of chemotherapeutic and antibiotic 
agents and of large supplies of blood had much to do with inci easing survival 
rates More important were the judicious timing and the proper selection of 
surgical procedures, and still more important were adequate resuscitative 
measures No patient was operated on until shock was controlled and his 
condition was stabilized There was full appreciation, moreover, of a feature 
peculiar to chest wounds, that partial suffocation can be a major factor in 
producing shock when intrathoracic structuies are injured It was soon dis- 
covered that a rapidly fatal outcome could be expected if accumulations of 
blood or mucus in the trachea or bronchi were not promptly removed by 
catheter suction or bronchoscopy The so-called wet lung was an even more 
serious problem, for which the liberal administration of oxygen furnished 
the best solution 


In World War II the chief emphasis was placed on the status of the 
intrathoracic organs Less attention was paid to the thoracic wall, unless an 
open sucking wound was present, when, of course, immediate closuie was 
earned out Another important consideration in respect to the chest wall was 
the control of pain originating in it from fractures or other injuries Injections 
of procaine at the site of the injury were effective, and paravertebral block 
gave even better results These simple measures were far more important than 
they might seem, since the control of chest pain played a major role in the 
management of shock in thoracic wounds^and since the strapping ordinarilj 
used for such lesions in civilian life was found to cause a dangerous reduction 
in vital capacity when it was emplo3'ed in casualties with extensive chest 


wounds 

Another lesson learned from the recent military experience was that ttie 
conservative management of hemothoiax practiced m civilian life has no place 
in the manasement of severe battle-incurred thoracic injuries The idea t la 
the early evacuation of blood from the pleura was not only not “ 

miirht result in secondary hemorrhage was quickly overturned The prompt 
eva^cuation of the hemothorax, without air-replacement, permitted the re-ex- 
TndTd taig to occupy the pleural space, and if empyema did occur, i was 
practically always of Lall volume Failure to evacuate the hemothorax, li »- 
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ever, was likely to be followed by the development of a chronic hemothorax or 

fibrothorax and by later secondary infection 

For many years after Woild Wai I the wards of Army hospitals were 
filled with respiiatory cripples Some of them weie sufifenng from pyogenic 
empyema secondary to pneumonia, but many others could thank the ultracon- 
servative treatment of traumatic hemothorax for their condition We are not 
witnessing any such unhappy situation today Chronic empyema was actually 
rare in World War II Antibiotics and chemotherapeutic agents controlled 
pyogenic empyema, the proper surgical management of traumatic hemothorax 
practically eliminated seiious chronic pleural abscesses, and decortication of 
the lung, as revived by Burford and otheis, took care of clotted hemothorax 
The ultimate objective of the management of hemothorax was early, complete 
re-expansion of the lung, with conseivation of as much cardiopulmonary func- 
tion as possible It was achieved in a truly remarkable number of cases 

A word must also be said about the large number of thoracic lesions 
observed in World War II which were not of combat origin Thousands of 
cases of bronchiectasis were seen, most of them not related to chest wounds 
Many of them were treated by surgical extirpation of the diseased lung tissue 
The remarkable accomplishment of Meade, Kay and Hughes, who performed 
196 lobectomies, chiefly for bronchiectasis, with only one death, at the Ken- 
nedy General Hospital Thoracic Surgery Center, was more or less duplicated 
at the other thoracic centers 

Intrathoracic tumors, which were also discovered in surprisingly large 
numbers, were treated earlier than in any comparable series in civilian life, 
because routine roentgenograms of the chest were made when the soldier was 
inducted into the Army and again when he was ready for discharge Regret- 
tably, many of the cases of bronchiogemc carcinoma discovered, usually by 
accident, in these young men were inoperable On the other hand, the results 
m mediastinal tumors were extremely encouraging Blades, for example, re- 
ported 109 cases at five Aimy hospitals over a three-year period without a 
single surgical death in the resectable lesions 

It must be borne in mind, before we congratulate ourselves too heartily 
on the dramatic advances in Aoracic surgery during World War II that the 
subjects of the operations, whether they were performed for wounds or for 
diseases of the chest, were usually young men, and, more important, young 
men who had not withstood the ravages of chronic pulmonary disease We can 
scarcely expect that the lower mortality rate achieved in this group can be 
duplicated in civilian life, in which thoracic surgery is chiefly performed in an 
older age group, with advanced disease The lessons learned in the care of 
seveiely wounded soldiers, however, and the experiences gained during the 
war in surgical diseases of the chest, have furnished information which will be 
invaluable when it is applied, as most of it can be, to the management of 
diseases and injuries of the chest in the civilian population 

The organization of the thoracic centers in the Z I was directed by Colonel 
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Bnan Blades whose sound advice to t),e Office oj the Chief Consultant in 
urgery was invaluable and to whom I make a sincere acknowledgment of 
my appreciation 

Plastic Surgery In the 300-page record of plastic surgery m World War I, 
skin grafting is mentioned in a single sentence Burns are not mentioned at all' 
In World War II at least a third of the work in plastic surgery concerned 
free skin grafts, and about a third of it was carried out for burns 

It must be granted, however, that modern plastic surgery received its first 
real impetus in World War I and that the lessons learned in the course of it 
were later transferred to civilian use In all probability the evolution of the 
management of burns can be attributed to the results achieved in the Cocoanut 
Grove disaster in Boston in December, 1941, shortly after the United States 
had entered World War II The sound conclusions drawn by the men who 
treated those casualties formed the background of the management of burns 
in the second World War, when the increased use of combat motor vehicles, 
both on land and in the air, made the care of these casualties a serious problem 
clinically, while the numbers of casualties with these injuries required their 
management on a mass basis 

We were greatly assisted, in setting up the plastic surgery program, by 
Dr Jerome Webster, Dr Robert Ivy, and the late Dr John Staige Davis, who 
gave unsparingly of their time and effort and who responded to every call 
To Colonel James Barrett Brown, however, belongs more than to anyone else 
the credit for what American plastic surgeons achieved in World War II 
In 1942 he was ordered to the European Theater, to study the casualties 
which had occurred as the result of the brief struggle on the Continent and 
the continuing blitz warfare 

When he returned, he served both as chief of the plastic service at Valley 
Forge Genera] Hospital, the first of the plastic centers to be established, and 
as advisor m plastic surgery to the Chief Surgical Consultant in the Office 


of the Surgeon General 

But tribute must also be paid to all the other plastic surgeons They per- 
formed some 40,000 operations without a death They w’^ere always numer- 
ically in short supply, but they carried an enormous burden of work— at one 
time 33,000 operations were scheduled for performance on the ir,ooo patients 
then in the eight plastic surgery centers m the Zone of the Interior Many 
of these highly skilled surgeons had to be kept m the Army for a year or more 
longer than their associates, long after they could have been released on points, 
because the work they were doing could be done by no one else 

When I asked Colonel Brown to outline for me wffiat he considered the 
highlights of his specialty as it was practiced m World War 11 , he listed the 


“’7TheTmLt.on of tannic acd in the managc-nent of bums =.">1 the 
substitution of atraumatic care of the wound, the use it pressure dress g 
to prevent loss of serum, and early skm grafting 
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2 The early closure of wounds, either by grafting or by suture, with or 
without the utilization of flaps 

3 The establishment of specialized centers and of specialized teams m the 
combat zone for the immediate care of casualties suffering from burns and 
facial injuries The supeiior functioning of these services cut down very 
materially the time required for the definitive and long-drawn-out plastic 
repairs to be done in the Zone of the Interior 

4 The extensive use of local tissue in repairs 

5 The fundamental principle of wound closure, which was highly devel- 
oped by plastic surgeons and which was used in many cases preliminary to 
secondary orthopedic or neurosurgical procedures on the deeper tissues 

6 The concept that deep healing can be no better than superficial healing 

7 The close cooperation of plastic surgeons with dentists, anesthetists, 
orthopedic surgeons, neurosurgeons and the nursing service in the manage- 
ment of their casualties 

8 Special procedures devised for the management of injuries in particular 
regions, including the palate, the jaw, the nose, the ear and other parts of 
the face, the lower extremities and the hands 

As Colonel Brown well expressed it, the miracles of reconstruction per- 
formed by the plastic surgeons would have been impossible without the 
courage and the will to live displayed by these young men who seemingly had 
been marred for life, and without the industry and confident hope of the 
surgeons who restored them to lives of useful activity Medical history has 
no finer example of the doctor-patient relationship, and plastic surgeons have 
every right to be inordinately proud of what they accomplished 

LOOKING FORWARD 

As one looks to the future, the conclusion seems inevitable that if war 
comes the menace of the atomic bomb plus the addition of new technics will 
make it a more horrible and devastating conflict than any which has preceded 
it It will bring into the zone of destruction all civilians as well as members 
of the military establishment 

The introduction of atomic weapons wipes out many of the old concepts 
of war, erases zones of security, and makes combat truly global A declara- 
tion of war would be followed immediately by a huge number of casualties, 
largely civilian, such as no battle between military forces has ever produced 
We shall be left literally with ‘No Place to Hide’,” as Bradley has said 
in his remarkable book of that title “Bikini,” he points out, “is not merely 
a ravaged and useless little atoll in the deep far Pacific Bikini is our world ” 

War would require the immediate and rapidly complete mobilization of 
the entire medical personnel of the nation on a disaster basis and indeed should 
require a mobilization of our entire citizenry, a step imitating totalitarian 
methods but definitely necessary and I believe certain to be invoked when and 
if combat fully develops 
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It must be recognized that as war develops air power takes an mcreasmeh 
prominent part, and while it may be argued by the military that the atoim: 
bomb has not greatly changed basic military principles nor obviated many of 
the conventional roles of military forces, supersonic planes, guided missiles, 
and radar controlled guns guarantee an immediate scope of action and a 
destruction of both humans and war potentials never before dreamed of Air 
attacks will be followed by invasions and counter-invasions, the ensuing war- 
fare, we are told by Groves, will then be orthodox m principle but not in 
detail The Army still insists that all efforts of the military team are for the 
breaking of the enemy’s resistance and the final advance of ground troops onto 
enemy soil Naturally such widespread operations, so devastating in char- 
acter, so unorthodox m execution, will call for leadership both in the field and 
in the real echelons far greater than in the past 

To the end that some plans be formulated and some attempts be made to 
avoid the almost complete absence of medical plans such as happened in 
World War II, it is essential that the medical piofession coordinate its efforts 
and assume leadership for an over-all plan Certainly the armed forces 
branches snarling at each other and grasping to forward each its ou n depai t- 
ment are ill-fitted for and incapable of this over-all planning Clemenceau is 
said to have remarked that war was too serious a business to be left entirel) 
to the military Perhaps he meant to intimate that the politicians were more 
able to meet the inevitable problems of conflict He must have known that 
Clausewitz defined war as the employment of organized violence to obtain 
political goals 

All this IS to say that civilian agencies will and should dominate the direc- 
tion of all efforts, certainly at the beginning of another conflict From the 
medical standpoint the military must be properly supplied with doctors but, and 
I emphasize this, only after a proper integration with civilian needs and 
resources This overwhelming responsibility should be apparent, I think, to all 
medical men and I deprecate the laissez-faire attitude v Inch seems to pervade 
our country at the present time True, the military establishment is making 
efforts to put into effect some of the concepts thrust upon it in the recent 
war, but the process is slow and fitted only for the military establishment itself 

The changing pattern of warfare of World War II developed a new mili- 
tary philosophy whereby the major efforts of destruction were aimed at war 
making potentials and particularly industrial resources This change out- 
modes the modern army’s Tables of Organization in so far as medical troops 

are concerned t r j ^,i 

The Council on National Emergency Service of the American ifled/o 

Association has advocated two developments within the Defense Estab isli- 
n,ent The first .s “a permanent board of top fl.ght cv.l.an pin s.cans « orUn. 
Z m arm w.th the Surgeon Generals at Ingh enough leve n.tlnn the tn. I lan 
establishment to supersede the uninformed rod often arbitrary aiitliori 
command ” The second is "a group of civilian physicians at top lei el nirtn 
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government having the responsibility of weighing the medical man power 
needs of industry, agriculture and the civilian population at large, of research, 
public health work and medical education against the requirements of the 
military establishment ” 

Such planning is all very well but I venture to question its practicability 
I see no particular advantage in going “arm in arm” with the Surgeon Gen- 
erals of the armed forces until they are given authority m medical matters 
which IS now exercised by officers of the Service of Supply and of the line 

Also, within a few months the Voorhees Report published by the Hoover 
Commission has been made available to the public and it is worthy of careful 
scrutiny and consideration by all medical men It reflects mature judgment 
and sets down on paper recommendations which are so sound, so saving of 
personnel, materiel, and funds that it is easy to join in the fervent hope of 
its adoption in large part 

It IS a long step in the right direction but it applies to federal agencies 
only, including the armed services, whereas coverage of the entire population 
IS demanded Obviously this calls for planning on a high level and with 
authority As of today theie are no plans and there is no authority The 
problems which will confront medicine in the future, and particularly war 
medicine, will be overwhelmingly greater than those of World War 11 

The introduction of atomic weapons may possibly change the entire con- 
cept of the surgery of trauma It certainly will introduce new problems for 
the treatment of irradiation, blast injuries and burns It will call for an 
entirely different type of cooperation between military and civilian authorities 
Perhaps there will be little distinction between the medical responsibilities of 
the two It may change the entire plan of medical practice Such possibilities 
demand realistic thinking, courageous, unselfish patriotism and a high order 
of statesmanship The uncertain future should make us hasten to digest the 
lessons of the last war, integrate civilian and medico-military agencies, and 
thereby be an advantage to our position in the event we are again drawn into 
world chaos 

In the words of Winston Churchill, “We must preserve and if the gulf 
continues to widen, we must make sure that the cause of freedom is defended 
by all the resources of combined forethought and superioi science Here lies 
the best hope of averting a third world struggle, and a sure means of coming 
through it without being enslaved or destroyed ” 

To this end we should dedicate ourselves, laying aside prejudices and 
self-seeking and standing fast by the humanities which are the only bulwarks 
against ultimate disintegration of culture and civilization 



CANCER OF THE BREAST* 
H Glenn Bell, M D FACS 

FuAircisco, Califcrxia 


from the hepartment oe surgery university ok caukornia medical school SAN PRANCISCO 

We aee w the process of studying detail the eases of carcinoma of 
the breast that were seen at the University of California Medical Center from 
July I, 1930, to January i, 1944 A total of 819 cases were seen m the hospital 
or out-patient clinic In 83 cases no treatment was given here, but the patients 
have been followed The remaining 736 patients had some form of definitive 
or palliative treatment In our analysis we have used Schenck's classification ^ 
It IS questionable whether this is the best method of classification, but it seems 
to be the one in general use m the literature In our series 173 cases, or 21 
per cent, were classed as stage I There were 201 esses in stage II and 203 in 
stage III Thus, approximately half the patients were first seen when their 
cancer had spread to the axilla or was already far advanced One hundred six 
patients (13 per cent of the senes) who had had previous surgeiy elsewhere 
came to us for treatment of a recurrence (stage IV) In 53 cases roentgen rav 
therapy was given at our clinic following operative treatment elsewhere 
Eighty-three patients who had been treated elsewhere were seen in our clinic 
for follow-up only Of the entire series of 819, six patients were lost to 
follow up t 

There is such a difference of opinion in the literature today it is difficult 
to judge what is the best method of treatment for operable cancer of the breast 
In a large general hospital handling both clinic and private patients, no definite 
routine can provide the specific treatment for each individual case Our patients 
come from all parts of the state Some have had a biopsy or local excision of 
the tumor before being referred to the clinic It is obvious that many patients 
will come to us too late , nevertheless, these people still have hope and expect 
that we can cure them It seems to me that Ave should accept every patient 
with cancer of the breast as one of our responsibilities Regardless of the 


favorable statistics in one small selected group, we should consider A\hat ve 
are able to do for all patients with cancer of the breast ivho come to us for 
treatment In our series of 819 cases, 264 patients Avere living and Avell fiie 
years or more after treatment, a survival rate of 32 2 per cent (Fig i) This 
figure does not include operative deaths or cases in Avhich death in less than 
five years was due to intercurrent disease There were four operative deaths 

in 470 primary surgical cases, a mortality of o 85 per cent 

Of the group in stage I, 61 8 per cent survived five years or more regardless 
of the type of treatment The five-year survival rate in stage II Avasj gSj^ 

—T^d bdoriATA^ncan .ouis, , 

t This IS due entirely to the diligence and hard work of our foil P - 

Mr ^Etaor W* “ whL we era .ndebW for the compIe,e„esr and arcnrac, of 0»r 


statistics 
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cent, and m stage III, which comprised the advanced cases, it was 8 3 per cent 
In these three groups which include all cases of primary carcinoma, 105 
patients had roentgen ray therapy alone which in most cases was palliative Of 
the 470 patients in whom a definite attempt at cure was made by surgery with 
01 without radiation, 201 lived five years without recurrence Thus, the five- 
year surAUval in operable cases was 42 8 per cent In stage IV, of 106 patients 
who had a recurrence of a carcinoma that had been operated upon elsewhere, 
24 (22 6 per cent) were living and well five years or more after treatment 
In stage V, the group who had surgery elsewhere followed by roentgen ray 
therapy at the University of California Hospital, there were 53 living and well 
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Fig 2 


Fig 2 — The other 28 cases are the patients either 
treated by simple mastectomy, roentgen ray, or lost to 
follow-up 

over five years, or 39 per cent In stage VI, of 83 patients who were followed 
in our clinic after treatment elsewhere, 15 (18 per cent) lived five years with- 
out recurrence 

One of the puzzles of the problem of cancer of the breast is why we fail to 
obtain a 100 per cent cure m patients with a localized lesion without evidence 
either clinically or pathologically of axillary spread It must mean that there 
is already extension of cancer cells that we are unable to detect at the time of 
surgery, or that some cells are spread during the surgical procedure It is also 
curious that some of these patients have a recurrence after many years of 
apparent cure We wonder where the malignant cells have been all the time 
and why they wait 10, 20, or even 30 years before becoming evident The 
latest recurrence in my personal experience was in a doctor’s widow who, 27 
years after radical mastectomy, had a recurrence in the scar She has now 
lived five years since resection of the recurrent tumor Is there such a thing as 
cancer immunity that in some patients holds the growth in check and then 
for some reason is lost, allowing the cells to grow ^ If we had some chemical 
way of determining this we might be better able to cope with the disease 
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McWhirtei* has aroused considerable interest as well as controversy by 
omniendmg a simple mastectomy followed by postoperative roentgen n 

IS no need to do 
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adical axillary dissection and if the tumor has spread to the axilla, removal of 

this natura barrier, together with the trauma inflicted on the involved tissues 

may well allow dissemination of cancer cells to distant sites He reports the 

five-year survival rates for all operable cases treated during a ten-year period 

Fig 3 Fiom 1941 to 1945, when his main 

method of treatment was simple mas- 
tectomy with postoperative loentgen 
ray theiapy, he had a total of 941 
cases with a five-year survival rate 
of 55 9 cent This is significantly 
higher than that achieved during the 
period 1935 to 1940 when the main 
method of treatment was radical 
mastectomy and postoperative roent- 
gen ray therapy Dunng this period 
569 cases were treated with a five- 
year survival rate of 440 per cent 
One would like to know how many 
of his cases were really stage I, since 
with simple mastectomy there is no 
microscopic examination of lymph 
nodes, and we know from experi- 
ence that our judgment of the pres- 
ence or absence of cancer in the axilla 
on clinical examination alone is 
wrong 30 per cent of the time Mc- 
Whirter’s views are so contrarj’’ to 
the teaching in this countrjf that one 
would hesitate to adopt this course 
without further proof that it is the 
procedure of choice By making a 
special effort to have general practi- 
tioners refer all cases of cancer to the Royal Infirmary in Edinburgh, he may 
be getting his cases earlier and therefore have a larger percentage in which the 
cancer is still localized m 'the hTeast 

We have hoped that by the use of adequate roentgen therapy either before 
or after operation we could increase the number of five-year 
ularlv in stage 11 Statistically, the possible benefits of roentgen n^y the ap) 
e nnt reflected ifl the five-year survival rate In stage I (Fig 2 ) the ugi 

I c ,n those oatients who had radical surgery alone In 
five-year sjwviva - “ " ^ with the use of prccper- 

Stage II (Fig 3). ^ . ,,^„,{;cant Fwure 4 shous that in 

ative roentgen ray therapy is probably not significant igure 4 
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Fig 3 — The other 31 patients were treated 
ly simple mastectomy, roentgen ray, or lost 
o follow-up 

Fig 4— The other 43 patients were treat- 
id by simple mastectomy alone or were lost 
0 follow-up 
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stage III the use of ladiation resulted m a somewhat larger percentage of 
five-year survivals In this group, of 14 patients who had simple mastectomy 
plus postoperative roentgen ray therapy, 21 4 per cent were living and well 
five years later, as compared with 166 per cent of patients who had radical 
surgery alone If a greater number of cases weie represented, this might 
point moie toward confirmation of McWhiitei’s ideas Figuie 5 shows the 
results in these three stages combined It is seen that in the entire group the 
use of preoperative or postoperative roentgen ray therapy does not increase the 
number of five-year suivivals In another five years, with a larger series of 
cases, the roentgen lay therapy may show up to better advantage 
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Fig 5 — The other 94 patients were treated by simple mastectomy either with 
or without roentgen ray or lost to follow-up 
Fig 6 — These figures and percentages are figured for the total group of 1177 
cases from July i, 1930 to January i, 1949 


The ten-year survival rate for stage I and stage II for the period July, 1930, 
to January, 1939, is shown in Figure 6 

We were interested in determining whether the incidence of swelling of the 
arm after radical mastectomy was increased with the use of roentgen ray ther- 
apy In our series there was no significant difference Marked swelling 
occurred in ii (34 per cent) of the surgically treated cases, and in 13 (5 8 
per cent) cases in which surgery was supplemented by radiation therapy In 
none of these patients was the swelling incapacitating 

SUMMARY 

From our study so far, roentgen ray therapy as an adjunct to the surgical 
treatment of carcinoma of the breast has not significantly increased the five 
year survival rate The study will be continued 
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H GLENN BELL , 

^ September I94 

hKilanl aToTc^i rto“paaS Jfc'? ?? ="> ‘ ™ » '«»' 

about this disease than I did after my first paper 1^192, ' ' ' 

perhap:r;Uomn. .rrsxi ar„i’v,hT.“' f 

he pectoral muscles, and the axillary contents, but there is no agreement as hr as 

thTm removed, the necessity of skin grafts and 

the methods of undercutting the skin in a peripheral dissection 

I do not need to go into details, but all of you here knoiv of the various argunienib 
t at are presented on this point There are some surgeons who are com meed that one 
must undercut the skin well out, leaving no fat attached to the cutis, and that there 
fore their results will be better 


I thought that an answer to the problem would be given by a studj of local rc 
currence It seems to me that a report on the percentage of local skin recurrences in 
five years, in cases in which the disease is confined to the breast, would be a good 
measure for comparison We also recognize that the accuracy of the diagnosis of 
localized cancer is dependent on the enthusiasm, zeal, and intelligence of the pathologist 
Under such a man, the number of Group I cases will be smaller, and the local rc 
currences less 


A review of the reported five year local recurrence rates in various clinics, in cases 
of localized breast cancer, fads to prove the contention of proponents of extreme under- 
cutting with skin grafting that their method is superior 

I think a very good point was made by Oliver and Sugerbaker, who said, "decreas 
ing the incidence of skin recurrence would appear to be dependent among good surgeons 
not on the commonly discussed variations in surgical technique, but on the earlier 
diagnosis and surgical treatment, and on the adherence to leaving a narrower criteria 
of operability” 

We have been convinced from some work that we did at the Roosevelt Hospital 
in New York that there is another factor Brandes and I have demonstrated that quite 
frequently we have cancer cells on the gloves which are used in the operation Sapliir 
of Chicago has demonstrated cancer cells on the scalpels that were used These loose 
cells may very well be an important factor in the incidence of local recurrence 


Dr Grantley W Taylor, Boston It is very gratifying to hear Dr Bell's paper 
We realize that his results are entirely in agreement with the experience of most others 
who are engaged in this work I think the differences which obtain are more apparent 

than real „ 

The selection of cases suitable for operation is of the utmost importance ur 
Haagensen, of New York, tried to define these criteria recently Tliej are \cn much 
sharper, and all of us, as we do more breast surgery, I believe, are inclined to discard 
some of the cases which are borderline and in which we know we cannot bring a on 


a fair result by surgery , 

It IS very difficult even to compare hospitals in one commumtj and another on i 

basis of the total operability rate We had the experience m MassacIioseUs ..bm thO 
ea nfsA tViP ^^tate Cancer Hospital for terminal care in advanced cases, that our op 
S MatToset,^^ Hospital increased and impro.cd icn »c 

f^sn? a relaxation of o„r criteria 'rLT'o oT V 7" 

the community which chose more favorable cases to » “ " = " 

correspondingly been sharpening j the pathologist m look 
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axillary involvement after a very thorough search, the results will be better than it 
that examination is purely perfunctory Similarly, the inclusion of a number of cases 
with very minute axillary involvement in Stage 2 group will improve the results in 
that series 

We have plowed back and forth the problem of postoperative and preoperative 
x-ray radiation, and wc are unable to demonstrate that it gives any advantage We 
also have given thought to the problem of whether the wide skin removal, which Dr 
White referred to, is necessary We are unable to demonstrate that any advantage 
accrues to the very extensive procedure of the classical Halsted type 

Finally, I think one thing should be weighed very carefully, namely, the comphca 
tions of postoperative radiation I noticed with some disturbance and distress that the 
incidence of swollen arm is a very serious problem m some clinics Dr Treeves, of 
Memorial Hospital, incidentally referred to swollen arms as occurring m about 70 per 
cent of postoperative radical mastectomies I cannot believe that is a true statement of 
incidence, because I don’t see why it should happen unless it is because of the post- 
operative radiation 

The incidence of swollen arm m our clinic is less than 10 per cent Dr MacDonald 
recently reported from California that he had some 50 per cent of appreciably swollen 
arms m his series of breast cases, and he has recommended resection of the axillary 
vein with the idea of preventing this 

I am inclined to think that some of that may be due to postoperative x-ray, which 
helps to obliterate some of the residual lymphatic branches 

Dr Owen H Wangensteen, Minneapolis Mr Chairman and Gentlemen, I am not 
an experienced breast surgeon, but I have been interested m the aggressive therapy of 
cancer I do not believe real improvement will come from attempting to refine upon 
refinement, but as long as we have to deal with late cancer I believe that our only 
hope IS for the surgeon to be more aggressive 

I have felt on occasion, and I suspect many of you have felt similarly m attacking 
cancerous lymph nodes extending up along the axillary vessels to the point where the 
vessels pass over the first rib, much like a hunting dog must feel when he is chasing 
a pheasant and the pheasant flies over a fence The surgeon has the alternative, of 
course, of taking the fence down 

I have three slides which I would like to show and comment upon briefly 
(Slide) This is the first patient upon whom I operated, a patient with axillary 
metastases As long as there is such a big discrepancy m the results of operation cases 
between Stage i and Stage 2 cases I think it is incumbent upon the surgeon not to 
retract but to expand the amplitude of our operation m Stage 2 cases 

This patient had large axillary metastases, but upon resecting the clavicle and 
removing the first rib six additional metastatic lymph nodes were found beyond the 
reach of the conventional axillary dissection One involved lymph node was found m 
the brachial plexus, another at the site of )uncture of subclavian and internal jugular 
vein, two along the inferior border of the innominate vein, and one in the second 
intercostal space Moreover, in the conventional axillary dissection, the component 
cords of the brachial plexus can be separated This dissection does not appear to cause 
areas of paresthesia or any untoward effects 

I submit that one of the weaknesses of the present so-called Halsted operation 
is our inability to get cancer out of the brachial plexus I believe that by dividing the 
clavicle and putting it together again, and removing the first rib, in Stage II cases 
one can dissect the components of the brachial plexus just as well as one can the 
axillary vein, and there is no need to resect the axillary vein, because both the axillary 
vein and artery can be exposed over about a 15 cm length and their fascial sheaths 
may be removed also Careful stripping of the adventitia of the axillary vein and artery 
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ss well 3 ,s the brnchisl plexus over lonp" Ipticrflic t k i 1 < » 

practice in the conventional radical breLt operation^" 

For the patient with definite axillary meta^taspc t ^ 
dav.de, r.„ov,„g the first nfi, order to p.r„,t r 4 „Lr„fTZal‘':.:t:^: 
II cases to include the following in addition to the conventional radical (i) suorl 
Avicular d.ssecl.o„, (a) removal of the greater length of the „„er„al mamml; ”. 

omr, theT”^ f , T' *“'dion of the upper med.ast.num, strip. 

r^d T° a .n winch lymph node imohement 

beyond the first rib is observed 

(Slide) I have had experience so far, however, with only five cases This slide 
indicates how the clavicle is put together with an intramedullary Kirschner wire Pa- 
tients with an intact clavicle have considerably less postoperative deformity More- 
over, they appear to have less difficulty m breathing m the early postoperative phase 
than does a patient in whom the inner portion of the clavicle has been excised 

(Slide) This slide shows a patient who was alleged to have a metastasis in the 
lung. A rounded hazel nut-sized nodule can be seen m the lateral film up against the 
sternum and fairly close to it This patient had no extension beyond the conventional 
axillary lymph nodes The pulmonary metastasis proved to be a fibroma in the lung 
I am certain that most of you are familiar with the writings of R S Handle}, 
the son of Sampson Handley, and his associate, Thackray, at Middlesex Hospital, 
London They have been removing (as Handley’s father suggested m the late ’20s) 
the lymph node along intercostal vessels in the second interspace By making a short 
transverse extra pleural incision along the sternal margin in the second and fourth 
intercostal spaces, the greater length of the internal mammary vessels can be remmed 
and the lymphatic tissue in juxtaposition to them 

It IS too early to say what, if any, improvement will come from all this Tliose 
cf us who have had the opportunity of comparing the results of the abdommopenneal 
operation for low lying cancers of the rectum (6 ems or less from the anus) with those 
in which the anastomotic operation is performed are aware that there is a difference- 
even m Stage I or so-called Dukes’ group A cases without demonstrable lymph node 
involvement There is an advantage in removing the e/ififc lymphatic drainage area 
for a cancer because failure to demonstrate lymph node involvement is not synonjmous 
with absence of small microscopic deposits Our failure to cure 100 per cent of Stage 
I breast cancers is owing in part to the circumstance that there are now and then 
microscopic lymph node deposits beyond the site of lymph node removal, and in part 
10 the occurrence of direct venous invasion Moreover, I think the time is not far auai 
too when we will hesitate less over the sacrifice of the other breast, for the si-stemic 
influence which occasioned the initial breast cancer probably continues to operate 


Dr Robert M Janes, Toronto I should like to express a somewhat different opinion 

than that to which we have listened , , ^ * r -DoAif^ilipranv 

It has been my privilege to conduct, along with the Department of Radiotherapy 

at the Toronto General Hospital for the past fifteen or sixteen years, a 
tl.nic We have analyzed our results, and they show the variables that 'mh “ 
we feel increasingly convinced that preoperative radiotherapy plays an important p, 
w1 rZ" that the results of different surgeons vary at leas, lo per cent, and 

I am sure the efficiency of radiotherapy „|„s,m,. 

I have slides of two patients, each operated upon j «,,, radical 

the Lnits that have been obtained with preoperalive radiotherap, followed J 

■"“‘rS This the first slide of thu, patient Notice the massue imohemen. of .he 

axillary lymph nodes 

(Slide) After preoperative radiation 
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(Slide) Six years later Radical mastectomy after the reaction to radiation had 
subsided enough to justify it The patient still remains free of evidence of disease 

(Slide) This is the first slide of the second patient, eight months’ history Ex- 
tensive ulcerating carcinoma of the breast, with axillary lymph node involvement 

(Slide) This shows the lesion almost healed following preoperative radiation 

(Slide) This slide was taken five or six years later The patient is still free from 
clinical evidence of disease 

These slides can be duplicated many times We have become increasingly con- 
vinced of the value of preoperative radiation and are employing it to a greater extent 
than in the past 

Dr H Glrnn Bell, San Francisco I wish to thank all of the discussers for their 
remarks Dr White, in our clinic we have one young man in training in surgery who 
IS the type of chap that is always asking embarrassing questions Some time ago he 
came to me and wanted to know “What is an adequate skin margin in carcinoma of 
the breast? You give a carcinoma of the hp a centimeter and a half and say that is 
quite adequate Why do you say to give a hand’s breadth to a breast tumor?’’ He went 
around and measured a lot of people’s hands, and he found that hands don’t measure 
the same, so he is questioning what is an adequate skin margin He didn’t stop at 
that He is now working in the laboratory, taking almost serial sections of carcinoma 
of the breast, to find out how far from the tumor one might have to go before he can 
say, “This is an adequate skin margin ” I, too, have found that the statistics are very 
difficult to compare around the country 

I did not mention (though it will appear in my paper) the incidence of swollen 
arms in our clinic We, too, have the feeling that postoperative x-ray therapy particu- 
larly would increase the number of swollen arms There is not much difference We 
divided them into mild, moderate and marked swelling In the group that had post- 
operative radiation we have 6 s per cent who had marked swelling, as contrasted to 
32 per cent that had markedly swollen arms without x-ray therapy None of these 
arms were swollen to the point that they incapacitated the patient It did not hinder 
the patients’ work 
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Since the first recorded description of a pigmented nevus by Hippo 
crates, 1 melanomas have been a source of interest to physicians throughout the 
world Dupuytren^ is said to have been the first to recognize melanosis as a clin- 
ical entity, but Laenec^ first called the attention of the medical profession to it in 
a paper read before the Faculty of Medicine of Pans m 1806 It was he who 
used the term “melanotic” to depict one characteristic of the lesions — their 
color In 1820 Norris^ of Stourbridge, England, reported the history of a 
patient whose course, during life and postmortem findings, was characteristic 
of melanosis, though he referred to the case as one of “fungoid disease ” The 
name melanoma was first used by Carswell,^ who read a paper with Cullen 
before the Medico-chirurgical Society of Edinburgh in 1833 and cited two cases 
In 1858 in a treatise on melanotic cancer Pemberton*^ described accurately 
the appearance of primary lesions in the skin, lower jaw, testicle, vagina and 
rectum, and secondary implants in the liver and other organs He presented 
25 cases, including one in which a groin dissection was performed, and sug- 
gested removal of the “integument involved and the fascia of the muscle under 
it ” He also recommended treatment with caustic, by itself or in conjunction 
with surgery Paget^ in 1865 reported 25 cases of melanoid cancer, m 18 of 
which the primary lesion was removed surgically Five of the 18 survived for 
more than four years He described three characteristics of the disease (i) 
the color of the lesions due to pigment formation, (2) the proneness of the 
tumors to grow in or beneath pigmented moles, and (3) the multiplicity of 
secondary melanoid formations 

In 1907 Handley® demonstrated the spread of melanotic cells along lymph- 
atics and in fascial planes, and in 1908 Pringle® first advocated the block dissec- 
tion of tumor, lymphatics and regional glands which is recognized today as the 
treatment of choice 


ORIGIN OF CELLS 

The mystery of the origin of nevus cells has never been completely solved 

Three mam theories have been held by different authors 

I Broders and MacCarty^® have maintained that malignant melanotic 

tumors are due to migratory hyperplasia of the basal 
the skin, cells of this layer invading the subcutaneous tissues an is 
. Acton/' m stud.es on repfles, concluded that 

melanoblasts fonn a pri mitive pigment sheet under th e s in in_c — 

* Read before the American Surgical Association St L^uis, Mo, Apr I 
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ship to the angioblasts of the cutaneous respiratory capillaries Whenever any 
surface downgrowth of the epiblast occurs it carries before it a portion of the 
primitive pigment vascular sheet, explaining the pigmented pia arachnoid of 
amphibians Two types of cells are involved in melanotic tumors, melano- 
blasts, giving rise to melanosarcoma, and angioblasts (which, with melano- 
blasts, form benign moles) giving rise to malignant endotheliomas 

3 Spencer,’-^ in studies on the tree frog, demonstrated that melanin pig- 
mented cells are first developed around the neural tube for protection of the 
central nervous system, but later spread into the epidermis and deeper layers, 
and take part m the origin of melanotic tumors Dawson,^^ in 1929 presented 
histological evidence in favor of the epithelial origin of melanomas, supporting 
this theory by drawings of microscopic sections to show evolution of the 
melanoma cells from the deeper layers of the stratified epithelium Horwitz^^ 
in 1928 also supported this theory 

METHODS OP TREATMENT 

Malignant melanomas arise m a great majority of instances from pre- 
viously existing apparently benign pigmented or non-pigmented nevi Driver 
and MacVicar^® found that 80 per cent of their cases gave a history of pre- 
viously existing pigmented lesions That trauma is an important cause of the 
malignant transformation of benign moles has been amply shown by the results 
of their study indicating that a history of injury preceded the transition of 
benign to malignant lesions was present m 58 3 per cent of cases The cause 
of the transformation is not known Ewmg^*’ believed that if recurrence 
occurred following the excision of a mole, the lesion was malignant from the 
beginning The Cohnheim^'^ theory supposed that pigmented moles harbor 
“sleepers” which on irritation become actively growing malignant cells 

Since most individuals have from 20 to hundreds of pigmented moles there 
has been considerable confusion on the part of the average physician con- 
cerning the treatment of such benign lesions It is undoubtedly true, as Driver 
and MacVicar and Tod^® have pointed out, that inadequate or incomplete 
treatment of benign melanomata by physicians has resulted in the onset of 
malignant changes and in the development of malignant melanomata A solu- 
tion of the multiple mole problem has been suggested by various authors 
(Blair,^® Bloodgood,^® Brown and Byars,^^ Tod, Webster and Stevenson^^) 
Brown, flat moles and hairy moles seldom become malignant Bloodgood 
reported the wide removal of 300 benign moles without complication or 
recurrence Black lesions, especially if raised, which have appeared during life 
and are situated in areas of the body subjected to trauma should be removed 
by scalpel excision, leaving a surrounding margin of at least half an inch of 
normal skin and taking some subcutaneous tissue Lesions showing evidence 
of growth, increase in vascularity or change m color should be removed widely, 
often with skin grafting Blades^^ j^^s stressed the importance of block 
excision of the chest wall in melanomas occurring on the chest Pathological 
study of all lesions is imperative 


319 



WILLIAM S McCUNE 


Vnnals of 
^(plcmbci 



Fig I Fig 2 


Fig I — ^Malignant melanoma of the skm of the lower leg, showing 
local invasion (Courtesy Dr Walter Maddock) 

Fig 2 — Malignant melanoma of the chest wall, recurring in scar of 
previous excision (Courtesy U S Army Institute of Pathology) 



Fig 3 —Hematogenous n tastasis ci 
in the right hemisphere (t^ourtes^ vt b 
Pathology) 


malignant mehiioina 
Arm\ Institute of 
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Once a melanoma has become malignant it may take one of three courses 
as outlined by Blair It may grow locally, invading the surrounding skin 
and subcutaneous tissues (Figs i, 2) It may be disseminated to distant parts, 
earned by the blood stream to lungs, liver, brain (Fig 3) even intestine 

A 







B 

Fig 4 — Hematogenous metastasis of malignant mela- 
noma in the intestinal wall (Courtesy U S Army Insti- 
tute of Pathology) 


(Fig 4) It may metastasize by way of lymphatic channels to the nearest 
regional nodes Local spread of the first type can sometimes be prevented by 
wide excision wnth skin grafting Metastasis by way of the blood stream 
cannot be controlled and accounts for many treatment failures It is in lymph- 
atic metastasis to regional nodes that by early radical treatment our greatest 
hope of cure lies 
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In Handley demonstrated graphtcally the lymphatic spread of maba- 
nant melanomas In a patient nho had died of generalized melanosis folloiung 
the metastasis of a melanoma of the heel to lymph nodes m the groin he 
removed a strip of skin 17 cm long from the thigh, with subcutaneous tissue 
and deep fascia for microscopic study He was able to demonstrate that per- 
meation by malignant cells takes place m a centrifugal direction from the 
lymphatic channels involved, extending much farther m the deep fascia than 
m the skin, subcutaneous tissue or muscle In the following year Pringle 
described the method of nodal dissection for malignant melanoma which has 
not been improved upon during the past 40 years To quote him, “a radical 
extiipation of the disease will most certainly be ensured by excision of the 
tumour with a good zone of healthy skin around it and a somewhat larger 
zone of the underlying subcutaneous tissue and of the deep fascia, with a broad 
strip of subcutaneous fascia up to and including the nearest anatomical group 
of glands at least, and all that is removed should be m one continuous strip as 
far as possible ” 

Occasionally, following radical dissections of this type, Pack^^ found that 
melanoma cells in lymphatic transit recurred in the wound He has therefore 
recommended removal of the original lesion, folloived by node dissection with 
removal of a strip of fascia as described by Pringle one or two iveeks later if 
gross evidence of metastasis is present If the nodal dissection is regarded as 
prophylactic, he believes it should be performed six w'eelcs after resection of 
the original lesion He reported that twm thirds of the cases m which 
prophylactic nodal dissection was performed, without palpable nodular 
enlargement showed minute foci of metastasis m the nodes removed 

DeCholnoky^^ has summaiized the results of treatment by various authors 
as follows 


Summary of 5 Year Arrests 


Author 

Number 

Cases 

Adairis 

70 

Affleck'! 

200 

Bloodgood'® 

200 

Datand Holmes'* 

S2 

deCholnoky!* 

26 

Gleave!* 

18 

Hirtze*® ' ' 

54 

Meland*' 

SO 

Scharnagel*! 

70 


LoCJttion / 

Therapy 

Head body extrem 

Surgery 

Head body evtrem. 

Surgery 

Head body extrem 

Surgery 

Eye head body 

Surgery 

Eye head extrem 

i 

Surgery 

r 

Eye 

Surgery 

Head body extrem 

Surgery 
and xray 

Head body extrem 

Surgery 

Head body extrem 

Electro 
surg and 


Percent 5 Year 


Cases 

Time 

Arrests 

23 

5 yrs 

35 

20 

Syrs 

11 1 

1 

5 yrs 

0 1 

15 

5 yrs 

18 3 

II 

5 yrs 

42 3 

5 

10 } rs 

19 2 

9 

S yrs 

SO 

15 

5 yrs 

27 

5 

15 >rs 

9 2 

9 

5 %rs 

18 

27 

5 irs 

39 


Scotyt 


29 Head body erlrcm 


xray 

Cauteiy 


11 


5 yrs 


Average per cent of 5 year arrests 


37 9 
<19 


Unfortunately most of these 
node dissections were carried out, ano 
found in the nodes removed 
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CLINICAL MATERIAL 

Forty cases of malignant melanoma were treated by surgical extirpation 
and radical nodal dissection at Walter Reed General Hospital from 1942 to 
1946 inclusive In most instances the melanoma had been removed elsewhere, 
often at an overseas installation, the patient being transferred to this hospital 
because of a pathological finding of malignant growth m the lesion Except m 
a few far advanced cases treatment consisted in review of the transfer slide if 
available, followed by radical resection of the lymph nodes draining the area 
involved The nodes were resected, whether or not they were palpably 
enlarged In many instances the original scar was excised and a strip of skin 
and fascia between it and the lymph nodes removed en bloc 

Nine of the 40 cases were regarded as far advanced, evidenced by large, 
fixed, palpable lymph nodes, or distant metastases Only one of these nine 
cases lived for more than a few months after operation In three of the nine, 
because of the degree of fixation of the involved nodes or because of distant 
metastases, biopsies only were performed 


Table I — Radical Resection jar Malignant Melanoma 


Total Cases 



Number 

Proved Gland 

Alive 

Alive 

Total 


Cases 

Metastases 

1-3 yrs 

4-6 yrs 

Alive 

Regional gland enlargement 

25 

23 92% 

3 

0 

12% 

No regional gland enlargement 

12 

7 58% 

9 

2 

88% 

Gland enlargement not stated 

3 

1 33% 

2 

0 

66% 

Total 

40 

31 

14 

2 

40% 


All cases were divided into two groups, depending upon the presence or 
absence of palpable lymph nodes There were 25 cases in which glandular 
enlargement was present on admission, 12 in which it was absent and three 
in which records were incomplete Among the 12 cases in which no palpable 
adenopathy was present at the time of the lymph node resection 7, or 58 per 
cent, showed pathological evidence of metastasis in the nodes removed All of 
these seven patients are now alive without evidence of further metastasis or 
recurrence for periods varying from one to six years since operation Of five 
patients without palpable adenopathy or pathological evidence of metastasis 
in the nodes removed one died of distant metastases four months after oper- 
ation The remaining four patients are alive and well for periods varying from 
one to three years since resection Only two of 25 patients in whom nodular 
enlargement was present at time of operation failed to show pathological 
evidence of metastasis m the nodes removed One of these patients is alive 
and well two years and nine months after operation, one has shown roentgeno- 
graphic evidence of a metastatic lung tumor two years and six months after 
resection Of the remaining 23 patients with palpable adenopathy and patho- 
logical evidence of metastasis, 20 are dead, 18 having died in less than two 
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ZTh One IS ahve with metastases one year after operation 

have been ahve and well for between two and three years 

The following histones are presented to illustrate the types of case, 
encountered in this study 

aspec^oThL ^ mole on the anterior 

spect of his thigh all his life first noticed bleeding from it after crawling on his abdomen 

W^lfJ jl'^gnosis was malignant melanoma He was transferred to 

nil Z February 17, 1943 Examination on admission reiealed 

the scar to be healed No inguinal adenopathy was present On February 26, 1943 a \Mde 
excision of the old scar was performed down to and including the deep fascia, and the 
defect covered by an immediate split thickness graft On April 22, 1943, a block dissec- 
tion of inguinal and iliac lymph nodes was performed Pathological examination showed 
a nodule of metastatic melanoma in one of the inguinal glands removed In September, 
^94^1 this patient was well without evidence of recurrence 


Table 11 — Radical Resection for Malignant Melanoma Cases with Proved Regional 

Gland Metastases 



Number Cases 

Ahve 1-3 yrs 

Ahve 4-6 yrs 

Total Alne 

Regional gland enlargement 

23 

2 

0 

8% 

No regional gland enlargement 

7 

S 

2 

100% 

Gland enlargement not stated 

1 

0 

0 

0% 

Total 

31 

7 

2 

29% 


Case 2 — A 28-year-old male had had a small bluish colored nevus below the angle 
of his right mandible for as long as he could remember In mid-Apnl, 1945, he sud- 
denly developed a painless lump about the size of a marble under the pigmented neius 
On May 23, 194S, the tumor ivas removed It ivas darkly pigmented and was closeh 
adherent to the capsule of the parotid gland, from which it was separated w'lth difficult} 
Microscopic diagnosis was malignant melanoma, metastatic to lymph node, complete 
excision doubtful He was transferred to Walter Reed General Hospital Examination 
revealed a 6 cm incision in front of the low'er lobe of the right ear wnth a non-tender 
blackish area the size of a bean 2 cm anterior to its low'er end A few posterior cervical 
lymph nodes were palpable on the right side of the neck On July 26, 1945, a right radical 
neck dissection was performed with extirpation of the right parotid gland Pathologica^l 
examination revealed metastatic melanoma in three b'mph nodes removed from the neck 
and also in a lymph node imbedded m the parotid A letter from the patient dated 
August 26, 1947, stated that he was well but that new nodes had appeared m the left 
supraclavicular region 


Case 3— A 38-year-old man first noticed a small dark spot on the skin oier^the 
rease of his right 4th metacarpophalangeal joint in June, 1945 In No\ ember, 194> > 
,egan to increafe in size rapidly until it reached 2 cm in diameter, and at the same im 
ost .ts p.gment and became more or less flesh colored The lemon ""/Xtdm . 
nltmir cantery A pathological diagnosis of malignant melanoma teas made 

r fo WalS Heed SiSlmT^r”" 

m^vafptrfctTT^^ .dl a radical left ''J 

arned out A pathological diagnosis of amelanotic ^lanoma. tte 

vas made and metastatic melanoma small' wart-like nodule was found on the kli 

veil thereafter until January, 1947, when a small wart like noou 
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Side of his neck This was removed and was reported to be malignant melanoma, possibly 
metastatic On January 8, 1947, a complete radical left neck dissection was performed 
Metastatic melanoma, amelanotic, was found in four of six glands removed It was 
learned indirectly that this man was well in August, 1948, although no details of his 
condition were available 

Case 4— A 30-year-old white male had had a black, smooth mole on the outer 
aspect of his left upper arm all his life Because of gradual increase in size and vascu- 
larity it was removed on August 9, i 944 Pathological examination revealed malignant 
melanoma He was immediately transferred to Walter Peed Hospital Examination on 
admission showed a well healed scar and no adenopathy On August 22, 1944, a radical 
left axillary dissection was performed Early metastasis was found in one of the nodes 
removed A letter received from this patient dated August 17, 1948, stated that he was 
well, symptom free and showed no evidence of recurrence 

Case 5 — A 26-year-old man reported on sick call because of the beginning enlarge- 
ment of a pigmented mole on the left side of his neck behind the sternomastoid muscle 
The mole was removed, leaving a wide border of normal skin around it Microscopic 
examination was reported to show evidence of malignancy He was transferred to Walter 
Reed Hospital Examination on admission was non-contnbutory No nodes were palpable 
in the neck On September 15, 1947, a block dissection of the left neck nodes was per- 
formed Melanotic metastases were found m the nodes removed Two weeks later 
enlarged left axillary nodes were palpated A block dissection of the axilla was per- 
formed The nodes removed showed no evidence of tumor In March, 1948, this patient 
was reported to be alive and well 

Case 6 — A 29-year-old white male noticed the appearance of a dark brown mole 
one half inch in diameter on his left chest wall during the summer of 1944. In August, 
1944, the mole was removed surgically and was found to show evidence of malignancy on 
microscopic section On transfer to Walter Reed General Hospital no adenopathy was 
detectable clinically, but on October 13, 1944, a left axillary gland dissection was per- 
formed Examination of the tissue removed showed metastatic melanoma m one of nine 
nodes A card received from this patient dated August 25, 1947, stated that he was well 
without evidence of recurrence 

Case 7 — A 35-year-old white man had had a dark brown mole three-fourths of an 
inch in diameter on the anterior aspect of his right thigh all his life In November, 1943, 
it began to enlarge in size In January, 1944, the mole was removed Lymph nodes at 
this time were not enlarged Pathological report of the lesion removed was that of 
malignant melanoma In September, 1944, some enlargement of the right inguinal lymph 
nodes was noted A radical resection of the right groin and iliac nodes was performed 
Microscopic study of the nodes removed showed the presence of metastatic melanoma In 
a letter dated August 9, 1948, he stated that there had been no evidence of recurrence of 
the melanoma or of any nodular enlargement 

Case 8 — A 35-year-old male had had a pigmented mole on the center of his back 
since his earliest recollection In November, 1945 ) because of increased vascularity of 
the lesion, it was removed surgically and was reported to be cancerous by pathological 
section No lymphadenopathy was present, but in January, 1946, a right axillary node 
dissection was carried out and in May, 1946, a similar resection on the left side Metas- 
tatic melanoma was found in the left axillary nodes A letter received from him on July 
23. 1947 ) stated that he was well without evidence of recurrence 

SUMMAHY 

Forty cases of malignant melanoma have been treated by surgical excision 
and regional node resection In 25 cases nodular enlargement was present at 
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time of operation In 23 of these, metastases were present m the nodes 
removed Only two of these 23 cases are now alive and well In twelve cases 
no palpable adenopathy was present at time of operation Nodular metastases 
were present m seven, or 58 per cent of the twelve cases All seven are nov 

ahve and well for one to six years after radical block dissection of the regional 
glands involved 

Comparison of results in these two groups of cases demonstrated conclu- 
sively the importance of early radical resection of regional lymph nodes, 
whether or not they are enlarged, whenever a diagnosis of malignant melanoma 
IS made To wait for clinical enlargement of regional nodes before undertaking 
their block dissection is to ensure a high percentage of recurrences Eighty 
per cent of patients in this senes who had palpably enlarged nodes at tune 
of operation are now dead or show evidence of recurrence All of the patients 
without such preoperative nodular enlargement are now alive and well 
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Discussion — Dr Robert H Kennedy, New York Citv Dr McCune has brought 
up an important subject I find, in New York at least, that there is still considerable 
feeling among the general practitioners, and unfortunately among a certain number of 
general surgeons, that with the diagnosis of melanoma (or the probable diagnosis) the 
patient is better off if left alone We have to overcome that idea 

I concur with Dr McCune entirely that there is much to be gamed by doing what 
I like to call a “prophylactic” lymph node dissection, although all too commonly what 
one thinks is a prophylactic dissection is proved by the pathologist to show one node 
with a few melanotic cells, or even a number of small involved nodes which were not 
large enough for anyone to palpate ^ 

There is a region where I do not believe in doing a lymph node dissection We see 
quite a few cases where there is involvement of the region either about the umbilicus 
or the middle of the back In these we have seen instances in which the metastases 
have gone to either axilla or either groin Therefore I have felt that I had to wait 
until I had some evidence of metastases rather than doing four prophylactic node 
dissections which seemed more than I had a right to put the patient through 

One of the great problems in melanoma is the variation in malignancy The indi- 
vidual life history shows more variation than in most types of cancer For example, in 
1927 a woman presented herself at the age of 49 who had had dental treatment fourteen 
>ears previously, in which her right hp was pinched, and ever since then she had had 
a black spot This started to grow about two months before admission 

Examination showed a 3 cm ulcerated area on the mucous membrane of the mouth 
within the cheek There was also a black area on the upper lip, the lower hp, extending 
down into the sulcus between the cheek and jaw and extending up between three of 
the teeth 

My first thought was that there was no use in removing this, because of the rapid 
growth in only two months But mv attendant, the late Dr Franz Torek, of this 
Association, said, “Well, death from ulceration m the mouth is a horrible thing I would 
take It out” 

So I planned carefully how I would close the area after making an excision of about 
onc-third of the upper hp and one-quarter of the lower hp and carrying the complete 
cheek excision back beyond the anterior border of the masseter muscle As I was 
ready to start my closure, Dr Torek happened to come into the operating room and 
said, "That's fine, I wouldn’t do anything more” It upset me considerably to leave 
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quite well disconitort Over a period of about two months this closed 

that mrtiorof the characteristics of malignant melanoma, including e^en 

alveolar margin The entire black area seemed to be melano-carcinoma 

mn I ^ c operation was a small flap turned to make a new angle of the 

mouth Otherwise that entire defect, which at one time was over three inches in 
diameter, elosed At that ..me we d,d no. do a lymph node d.stect.on became t“ all 
agreed we had been lucky and we expected the local lesion to recur 

At about two and one-half years she developed a number of nodes m the neck 
and I felt that inasmuch as she had lived for this time without local recurrence \\c 
ought to do more I started a complete right bmph node dissection, and when I 
reached the supraclavicular region I was tired of finding multiple perfectly black nodes, 
so I did not continue to the clavicle By pathologic examination the onU iinohed node 
was one in the submaxiHary region, about 2 cm m diameter, otherwise the nodes 
shotved simply black foreign body pigment of some type 

I have seen her at intervals of one year after the first five years She is now bring- 
ing up her grandchildren It has been 22 years since excision of the original lesion, and 
almost 20 years since the lymph node metastasis was removed It w'as w'orth while to do 
the work, but m spite of the highly malignant appearance of the cells in the slides this 
must really have been a melanoma of low grade malignancy 

Dr Grantley W Tayior, Boston We are very much impressed with Dr 
McCune’s conscientious survey of his materials Talking with Dr White about it, we 
wish some of the cases might have been followed a little longer That is something 
that the future holds 

We did a careful study of our material at the State Cancer Hospital and at the 
Massachusetts General, studying about 176 cases First of all, I think Handlej’s con- 
clusion that the spread by w'ay of permeation is not invariably or usually a true state 
of affairs If that were so we would never cure anybody bv a discontinuous operation, 
that IS, removal of the primary and the regional nodes as two separate procedures, leai- 
ing the intervening lymphatics 

I think the appearance of permeation arrives when the nodes are so blocked that 
the lymphatic flow is delayed or there is some stasis, and that permits the propagating 
thrombus to emerge from the primary focus of disease and spread itself 

The factors resulting in failure after a dissection are wmrth W’hile inalyzmg 
Dr McCune touched on the act that blood-borne metastasis is common, and although 
not the earliest manifestation as a rule, it is all too common later We found, 
in analyzing our failures, that a large number of them were due to failure to control 
the primary disease A recrudescence of malignant neoplasm at the primarv focus after 
the dissection has been carried out, of course, vitiates that dissection As long as there 
is any lymphatic drainage it must seek collateral channels, and often the dissection ear- 
ned before eradication of local disease insists that collateral dramage pass bj a '^cn 
bizarre route, so that other areas of metastasis may appear which would not have 

supe™ne^ ,„,ere,t.ng recent ecample .. that of a case of a no, nan n.tl. a lea.on on 
.er „*h. an.,e 

external genitalia deciding what area to dis'^cct when the 

lesion is in the midlme oes At the present time we have a voting 

in which directions lymphatic dranac g 
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man at the Massachusetts General Hospital who had a lesion over his fourth lumbar 
vertebra, with metastases to both axilla, and he has just had the second groin dissection 
carried out, so he has had dissection in all four areas 

In our study we found one person who, in addition, had a supraclavicular metas- 
tasis, so he had five of his possible radical dissections carried out 

The principal problem is to be sure that the primary disease is controlled, and 
therefore we invariably defer our regional dissection, if we can, until at least (we will 
say) two or three weeks have elapsed, until we have some confidence, from the 
examination of the pathological material in the local area, that probable local extirpa- 
tion has been achieved 

It is very hard to tram house officers to carry out the wideness of the dissection 
which you think is desirable You can say “a wude excision,” but they are inclined to 
treat these like more benign lesions of epidermoid carcinoma and basal cell carcinoma, 
and quite often there is some residual local pathology 

Dr Kellogg Speed, Chicago Mr President and members, I wish to say some- 
thing about metastases, illustrating by one patient, and also something about the 
melanotic features of these tumors 

I had consult me, a few' months ago, a factory superintendent 46 years of age who 
had bumped his knee, it had become swollen and painful There was some enlargement, 
w'lthout any adenopathy in the groin or in any of the lymphatics 

(Slide) This film show'ed a defect m the head of the tibia, with excavation and 
lytic absorption, which we felt was probably a secondary tumor He was very carefully 
examined by several consultants, including an ophthalmologist, and we could not find any 
trace or origin of the nature of the tumor He did yield to a biopsy and a black, melanotic, 
soft tumor was found in the head of the tibia 

(Slide) Following discovery of this melanoma in the bone, the limb was amputated 
with his consent, though we knew the growth w'as secondary Before that amputation 
he had another complete physical re-examination and all we could find were one or 
two small black skin tumors m the lumbar region 

I call your attention to this point at the end of the femur where the amputation 
was performed There is black tissue, although the main tumor is m the tibia, as you 
can see When the leg was amputated there wasn’t the slightest sign of discoloration 
around the area of the femur, and it was perfectly clean-looking normal bone 

(Slide) This microscopic section show's the invasion of the tibial head by the 
typical melanotic malignant tumor 

(Slide) This section shows the involvement of the skin tumor, m the lumbar region, 
which was removed at the time of the amputation It w'as not as large as my little finger 
nail 

(Slide) About four months later he returned W'lth an exostosis developing at the 
end of the femur This interfered with the wearing of his prosthesis, and therefore we 
removed it 

(Slide) Upon removing it w'e found that it had an extension of bony nature, but it 
W'as perfectly normal in color, that is, normal yellowish bone There was no dis- 
coloration whatsoever 

Five or six days later, as his tumor lay in the laboratory m a receptacle, the 
excised mass of exostosis became darker and darker, and finally got very black The 
pathologist, in the gross description of it, said it was probably a melanotic metastasis 
The sections of that later on show'ed absolutely no cellular ingrowth of tumor into that 
exostosis There had developed while lying in the laboratory simply a deposit of a 
melanotic pigment around the end of it 

The point I w'lsh to make is that there is melanotic pigment m the blood which 
has never been examined or tested for, but it has been found m the urine, and if the 
urine of some of these patients is taken and exposed to light, and oxidized, there 
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Dr ^ Tenn Mre were stimulated at Walter Reed h 

tW regarding two things, that melanoma is not the dangerous tumor 

at we all believe it to be, and that it does not necessarily deserve the existing de- 
fceatism, when compared to other dangerous malignant conditions 

I also became convinced at Kennedy Hospital, where we have had 34 of these 
lesions in less than three years, that there is question whether or not surgery, as ve 
employ it today, is actually effective in the disease and whether or not the reported 
longevity is due to the surgery or the natural course of the tumor 

For instance, we have one patient who lived seven years without any treatment 
We have had two cases with inadequate dissection or removal of melanoma from the 


shoulder region, who came to us four years later with metastases Both of those 
patients survived more than five years, yet both bad inadequate local excisions as 
manifested by the appearance of melanotic tissue in the scar shortly after the original 
excisions 

Along this line. Dr Taylor brought out a few points that led us to the radical 
approach we are now using, and we have done it in six cases The lymphatics are in- 
volved, and in the Handley procedure, we have showm that lymphatics, deep to the 
fascia of the muscle, are often involved, which certainly suggests that resection in con- 
tinuity IS not always an adequate operation 

We became convinced that one must not touch the local lesion except for the 
necessary biopsy, and must not manipulate or cut across lymphatic channels or its first 
mam nodal barrier, and therefore we devised a more radical procedure in the treat- 
ment of melanoma, particularly in those cases below the umbilicus, which all of us know 
to be prompt killers 

We have done six cases, two of the arm and four of the leg quartercctomj— bj 
that I mean intrascapulothoracic amputation for the arm cases and hemipelvectom} for 
the leg cases The hemipelvectomy that we employ is a little different from that 
described by Morton The anterior skin incision is made in a semicircular fashion, 
approximately three inches above the inguinal ligament, in order that we will in no 
way interrupt the lymphatic channels or cut into the femoral, inguinal, or iliac glands 


below the level of the hypogastric artery 

Our premise states that to offer anything surgical to melanoma, we must eradicate 
the primary lesion, the lymphatic channels, and the mam nodal barrier m one sweep, 
preferably without touching any of these structures during the procedure 

Our cases have not gone for a long period of time postoperatively Frankh, wc ci 
not relish the idea of performing quarterectomy without obvious 'f' 

yolvement But we performed two lower quarterectom.es when ^ 
discern the lymphatic involvement Both of those cases had involvement of a single 

,..e„ .»,se. .,.e " 

m urging these more radical procedures 
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Dr Mims Gage, New Orleans That malignant melanoma should be treated, just 
as all carcinomas, by wide excision of the primary lesion and radical removal of the 
contiguous and regional lymph nodes has been ably stated by Dr McCune I am in 
complete agreement with the method he describes 

There are two points I would like to emphasize Firstly, many surgeons and derma- 
tologists treat potential malignant melanomas by coagulation This method of treatment 
should be condemned because of the poor results, as shown by Amadon m 1933 . 
this has also been my personal experience Most of the hopeless lesions which I have 
seen have been previously treated by the cautery method, regional and extensive 
metastasis being present without any evidence of local activity in the scar at the site of 
removal of the primary lesion However, small black areas a millimeter or so in size 
can be found in the scar 

The second point is the late recurrence of distant metastasis without local activity 
Three patients recently came to the Ochsner Clinic with a history of having had a mela- 
noma removed One patient had his eye removed twenty years before coming to the 
Clinic , he had a metastatic nodule m the subcutaneous tissue of the abdominal wall 
The second patient had a pigmented mole on his right leg above the ankle destroyed 
by the electric needle There was some pigment in the scar , about 7 5 cm distal to 
the scar, and 18 cm proximal to the scar were cutaneous nodules which proved to be 
carcinomatous 

The third patient had a melanotic mole m the lumbar region over the spine destroyed 
by active cautery ten years previously There were some small areas of black pigment 
m the scar but no local activity However, there was a larger mass in the right inguinal 
region This demonstrates what happens when the primary lesions are destroyed by the 
method of electrical or actual cauterization This observation is general but unfor- 
tunately is never heeded, and both the doctor and the patient become immedicable 

I think it IS difficult to formulate statistical reports regarding longevity following 
surgical treatment of malignant melanomas because of the late metastasis — ^five to 25 
years after the primary operation However, I must admit that most patients have been 
inadequately treated from a surgical standpoint I believe that if all patients are treated 
by radical excision of the primary lesion combined with lymphatic ablation, recurrences 
will be negligible 

Malignant melanoma will always pose a most serious problem because of its 
malignant peculiarities If the lesion demonstrates carcinomatous characteristics, the 
lymphatics are involved first and therefore the prognosis as regards radical surgical 
measures is better However, if the lesion manifests sarcomatous characteristics, it 
metastasizes first via the blood stream and secondarily via the lymphatics Therefore, 
there is widespread interval metastasis, which prevents radical excision of the lesion 
It IS in this latter group that the mortality is high and treatment is almost completely 
hopeless 

Dr William S McCune, Washington, DC I wish to thank those who have 
d scussed this paper and added so many helpful comments 

In regard to the variation of malignancy in the different types of melanoma, it is 
quite true that such variation is great and we hope in the future to be able to correlate 
the clinical follow-up of these patients with a review of their pathological findings 

Certainly it is true also, as Dr Gage has remarked, that often these tumors do not 
recur or metastasize for as long as 12 or even 20 years, and this makes our 
statistics difficult to evaluate However, we feel that since the statistics we have indicate 
that those patients with radical node resection fare better than those without, or than 
those in whom it is delajed, this procedure should be continued 

We are convinced that all involved lymph nodes should be removed by block dis- 
section unless or until multiple distant metastases make the tumor clearly incurable 
One patient with a melanoma on the anterior wall of the sternum had a bilateral 
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axillary gland resection, followed later by a radical neck dissection Still later he 
developed an enlarged node on the opposite side of the neck, and at that point further 
surgical excisions were decided to be useless He died about two years following the 
first operation 

Another of these patients was admitted following removal of a malignant melanoma 
of the hand He had a typical Handley type of gland resection, but later developed a 
lesion in the skin of his neck which was diagnosed also as malignant melanoma Whether 
it was a metastasis from the original lesion or another instance of the same tipe of 
tumor, we never knew He had a radical neck dissection and he has noiv returned with 
multiple metastases 

I should like to say that in the work done at Walter Reed Dr Bowsers was a great 
inspiration to us He convinced us of the wisdom of many of his radical methods of 
treatment 
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DEVELOPMENT OF NEW METHODS FOR THE HISTOCHEMICAL 
DEMONSTRATION OF HYDROLYTIC INTRACELLULAR 
ENZYMES IN A PROGRAM OF CANCER RESEARCH* 

Arnold M Seligman, M D ,t Marvin M Nachlas, M D J 
Leon H Manheimer, M D ,** Orrie M Friedman, PhD ,tt 
AND George Wolf, PhD ft 

FROM THE KIRSTEIN LABORATORY FOR SURGICAL RESEARCH BETH ISRAEL HOSPITAL BOSTON, 

AND THE DEPARTMENT OF SURGER'V HARVARD MEDICAL SCHOOL AND THE 
CHEMICAL LABORATORIES OF HARVARD UNIVERSITY 

The HISTOCHEMICAL ANALYSIS of the enzymatic content of normal and neo- 
plastic tissues, as a basic approach to the cancer problem, has been the subject 
of considerable interest in the past decade Further stimulus was afforded 
by the development of methods for the direct microscopic visualization of the 
sites of enzymatic activity in the tissues themselves A number of methods for 
several enzyme systems have been proposed, and some of these have been used 
extensively ^ In order for such methods to serve as useful tools m a variety 
of problems related to cancer and other medical disciplines, they must be con- 
venient and simple to execute, they should offer clear microscopic delineation, 
and they should have some degree of specificity Variation in the properties 
of the enzymes, such as the degree of activity or their concentration in tissues, 
their stability to heat and tissue fixatives, their pH optima, their solubility, and 
finally their hj^drolytic behavior toward synthetic substrates which incorporate 
features for good pigment production, serve to increase the difficulties in 
developing means of demonstrating them 

One of the earliest methods for visualizing the sites of enzymatic activity 
was to utilize physiological substrates and develop pigments, where it was 
possible, with one of the hydrolytic products An example of this is the method 
of Gomori- for alkaline phosphatase In this case phosphoric esters of glycerol, 
glucose, adenosine and other substances may be used, and the phosphate pro- 
duced by enzymatic hydrolysis is converted to an insoluble metal salt which 
may be visualized by conversion to either metallic silver or lead sulfide 

Another approach is to use a synthetic unnatural substrate, which contains 
a chromogenic moiety After hydrolysis, this organic fragment of the substrate 
IS converted to a colored pigment An example of this is the method of Menten 
et al ^ for alkaline phosphatase In this case a phosphoric ester of beta naphthol 

This investigation was aided by a research grant from the National Cancer Insti- 
tute, National Institutes of Health, Public Health Service, (in part) by a grant from the 
Massachusetts Division of the American Cancer Society, and (in part) by an institutional 
grant to Harvard University from the American Cancer Society The paper was read 
before the American Surgical Association, St Louis, Mo , April 20, 1949 
t Assistant Professor of Surgery, Harvard Medical School 
t Research Fellow of the National Cancer Institute 
** Present address, Miami Beach, Florida 
tl Research Fellow in Chemistry, Harvard Universitj 
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(I) IS converted by enzymatic hydrolysis to beta naphthoi (IV) m the 
presence of a diazonmm salt, which immediately couples to yield an insoluble 
colored azo dye at the site of enzymatic activity 

The latter approach yielded a more sensitive and rapid method and 
appeared to offer promise of the development of methods for demonstratin'^ 
enzyme systems which have hitherto been inaccessible, as well as for miprovin? 
those for which methods were already m use This approach thus formed the 
basis of the investigations to be presented below Also included is a note on the 
outgrowth from this work of a rationale for new agents of possible chemo- 
therapeutic value in cancer 



ALKALINE PHOSPHATASE 

The method of Menten et al^ for alkaline phosphatase which utilized 
calcium beta naphthyl phosphate (I) as substrate was made practicable by the 
preparation of a stabilized diazonium salt of alpha naphthylamine By this 
means, the method was reduced to the addition of two powders to a buffered 
solution into which the tissue sections were introduced for 20 minutes at 10 
degrees C, by which time a satisfactory degree of staining of the section was 
obtained The distribution of alkaline phosphatase in various normal tissues 
and tumors of humans was explored by this method ^ Four significant findings 
may be pointed out (a) Many of the arterioles of normal tissue, particularly 
brain, contained alkaline phosphatase, but vessels of similar size m neoplastic 
tissue were nearly devoid of this enzyme (b) Several hypernephromas vere 
found to contain variable amounts of alkaline phosphatase In some the con- 
centration and pattern of distribution of the enzyme closely resembled that 
found in the tubular epithelium of the kidney cortex Adrenal cortex, on the 
other hand, contained verj' little alkaline phosphatase These findings suggest 
that the cell of origin of these tumors was the tubular epithelium of kidnc) 
cortex (c) Carcinomas of stomach were practically devoid of alkaline phos- 
phatase, whereas, carcinomas of ovary' contained a delicate pattern ot 
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enzyme similcir to that of the ovarian stroma This afforded, a means of 
determining whether undifferentiated tumors of the ovary were carcinomas 
primary in that organ or metastatic from the gastrointestinal tract (Kruken- 
berg) ^ (d) Benign tumors of the human breast may or may not contain 
alkaline phosphatase in contiast to the regular absence of phosphatase in 
breast carcinoma 


ACID PHOSPHATASE 

Attempts to extend the procedure for alkaline phosphatase to acid phos- 
phatase by merely changing the pH, met with failure Although the phosphoric 
acid ester of beta naphthol is hydrolyzed readily by acid phosphatase, beta 
naphthol (IV) does not couple well with the diazonium salt at pH 4 8, whereas 





Chart II 



alpha naphthol does Acid phosphatase required longer incubation (one hour 
for pi estate and 24 hours for other tissues) than alkaline phosphatase (20 
minutes) and a higher temperature (room temperature) was required than for 
alkaline phosphatase (10 degrees C) Under these conditions the diazonium 
compound used for alkaline phosphatase decomposed extensively Diazotized 
i-amino-anthraqumone was found to be sufficiently stable under these condi- 
tions, and with calcium alpha naphthyl phosphate as a substrate, a method for 
acid phosphatase was provided ^ 

By using tartaric acid as an inhibitor® it was possible to inhibit the cyto- 
plasmic acid phosphatase of prostatic sections without altering the action of 
acid phosphatase of prostatic nuclei and of many other tissues Evidence was 
thus afforded that prostatic cytoplasmic acid phosphatase and the phosphatase 
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of prostatic carcinoma differed from other varieties of acid phosphatase in 
the body 

STJLFATASE AND BETA GLUCURONIDASE 

The sulphuric ester of beta naphthol and the beta glucuronide of beta 
naphthol (isolated from the urine of rabbits fed naphthol), were readily split 
by the respective hydrolytic enzymes The alpha isomers were split poorly 



Fig I — (A ) Rat kidnei' Sulfatase demonstrated b\ a 
blue azo dye Enzymatic activity is present in varjing amount 
throughout the nephron and in the excretory ducts (not shown) 

Fixed in formalin for two hours, and frozen sections incubated 
for 24 hours Photographed through a red filter x 50 (B ) 

Same section, showing two patterns of distribution of sulfatase 
in tubular epithelium The convoluted tubules are diffusely stained 
(top) , whereas, the dye is concentrated at the luminal borders 
in loops of Henle Photographed through a red filter \ 114 

However both enzymes have pH optima between 4 5 and 6 and, therefore, 
coupling with the diazonium salts did not proceed veil enough for the devel 
opment of good histochemical methods The optimal temperatures were high 
and the time of incubation ran into many hours 
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A new piinciple was, therefore, evolved Because both the sulfate and 
glucuronide groups conferred considerable watei solubility on the substrates, 
it seemed possible to use colorless substrates of significant!)'’ higher moleculai 
weight, so that after enzymatic hydrolysis the phenolic material would be 
sufficiently insoluble (VII and IX) to remain fixed at the site of its produc- 
tion, thus eliminating the need for incubation in the presence of the diazomum 
salts It was important to use colorless substrates because of the danger that 



Fig 2 — (A) Human breast, scirrhous carcinoma Glucuronidase dem- 
onstrated by a blue azo dye Enz3'matic activity in duct wall (left border of 
figure), blood vessel (top) and scattered collections of epithelial cells between 
the strands and whorls of fibrous tissue Formalin fixed briefly and frozen 
sections incubated for 48 hours Photographed through a green filter x 165 
(B ) Human breast carcinoma Acid phosphatase demonstrated by a blue azo 
dje formed after enzjmatic hj'drobsis of the phosphoric ester of 2-lwdro\3"- 
6-bromonaphthalene Normal fat tissue and imading carcinoma show enzy- 
matic actniti Fixed m acetone and embedded m paraffin Incubated for 24 
hours Photographed through a green filter x 165 
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the acid groups (sulfate and glucuronide) would result in non-specific attach- 
ment to tissue protein After a period of incubation sufficient to insure exten- 
sive enzymatic hydrolysis, the pH could be raised to that optimum for coupling, 
and then with an appropriate diazonium compound (tetrazotized diorthoanisi- 
dine) a blue pigment could be produced within one to two minutes in the 
cold This procedure would insure a clear background to the tissue sections 
The first substrates studied (prepared from 3-phenanthrol) were not hydro- 
lyzed rapidly enough, nor was the phenanthrol sufficiently insoluble to insure 
a sharp picture Satisfactory substrates for sulfatase and acid phosphatase 
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Fig 3 — Human stomach , undifferentiated carcinoma Acid phosphatase demon 
strated by a blue azo dye Acetone fixed and paraffin embedded Incubated for 24 
hours Normal gastric mucosa (at top) and carcinoma (at bottom) All tissue con- 
tained acid phosphatase, but activity was most marked m normal glands and particu- 
larly in the parietal cells Photographed through a green filter x 112 

Fig 4 — Human stomach, undifferentiated carcinoma, adjacent section to that 
in Fig 3 Esterase demonstrated by purplish red azo dye after 20 minutes incuba- 
tion Enzymatic activity seen only in the normal gastric glands located at the base ot 
the mucosa Glands near the surface epithelium were low in enzjmatic actnity 
Parietal cells seen in upper right corner Remnant of a gland containing esterase 
seen in carcinoma at lower left The carcinoma cells were devoid of esterase 
Photographed through a green filter x 112 

was provided by the appropriate esters of 2-hydroxy-6-bromo naphthalene 
(VII) A satisfactory substrate for glucuronidase was eventually e\olve 
from the glucuronide of 2-hydroxy-8-benzene sulfonammo-naphthalene (E l 
The glucuronide of 2-hydroxy-8-amino-naphthalene vas isolated from ra^M^ 
urine after feeding 2-hydroxy-8-naphthylamine and was converted to the sti 
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strate (VIII) by treatment with benzene sulfonyl chloride The methods for 
sulfatase,® beta glucuronidase," as well as a new method for acid phosphatase,® 
are now in process of being perfected (See Figs i, 2 and 3 ) 

ESTERASE AND LIPASE 

These are two distinct enzymes In man pancreatic tissue contains both 
enzymes, while liver and kidney contain esterase almost exclusively Serum 
normally contains esterase and no lipase (man) or traces of lipase (dog) The 
ideal substrates for lipase are glycerides of long chain fatty acids (Qo - Cis) 
and the ideal substrates for esterase are a variety of monocarboxylic acid esters 
of short chain fatty acids (C2 - Q) However, considerable overlapping 
occurs, and fats such as tnbutynn are split by both enzymes In an attempt to 
develop methods which would be specific for each, four substrates were studied 
These were beta naphthyl acetate (II), beta naphthyl laurate (C^s) and beta 
naphthyl palmitate-stearate (HI) The first two were hydrolyzed extensively 
by homogenates of liver, kidney, pancreas and by serum The palmitate- 
stearate %vas hydrolyzed poorly by homogenates of liver and kidney or by 
serum, but was readily hydrolyzed by pancreatic mash With the aid of inhib- 
itors (arsenilate for esterase and quinine for lipase) and an activator of lipase 
(taurocholate) it was shown that 90 per cent of the hydrolysis of the acetate 
by rat liver was due to esterase, and that 80 per cent of the hydrolysis of the 
laurate by rat pancreas was due to lipase ® 

The acetate proved to be a satisfactory substrate for a histochemical method 
for non-specific esterase ® An example is illustrated in Fig 4 By inhibiting 
esterase activity the same substrate demonstrated lipase activity m pancreas 
Other tissues did not have enough lipase activity to be demonstrable histochem- 
ically by this method 

The palmitate-stearate (III) and laurate could not be used for a histo- 
chemical method for lipase because of their great insolubility in water and 
inability to diffuse into tissue sections when made into a colloidal suspension 
However, the colloidal suspension served as an excellent colorimetric method 
for measuring hpase activity in seiitvi^^’^^ and tissue homogenates The azo 
dye produced on coupling with the liberated naphthol could be extracted from 
the serum with ethyl acetate and measured colorimetncally Rises m the lipase 
activity of serum were demonstrated in dogs after injection of mecholyl and 
esenne This method is rapid and sensitive to minute amounts of lipase, par- 
ticularly when taurocholate is used as a specific activator of lipase Using beta 
naphthyl laurate, 0002 mg of human pancreatic tissue (homogenate), added 
to o 2 cc of serum, could be identified by its lipase activity within five hours 

ACETYLCHOLINESTERASE 

In seeking a suitable substrate for acetylcholinesterase, an attempt was 
made to incorporate essential features of the acetylcholine structure into an 
aromatic phenolic compound The acetate of 8-hydroxy quinoline methyl chlor- 
ide (X) appeared to satisfy the criteria, that is, it contained a quaternary 
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nitrogen and two caibon atoms away from this group an acetoxy group The 
compound was hydrolyzed by fresh brain tissue in the cold, but unfortunately 
the compound hydrolyzed spontaneously, even in the cold, at pH 6 o to a degree 
which mitigated against its use in a histochemical method A more satisfactory' 
substrate (XI), which satisfied the structural requirements, was provided by 
the acetate of 3-hydroxy-tnmethy 1-2-naphthyl ammonium iodide Spontan- 
eous hydrolysis yvas not a serious problem, and the compound yvas readily 
hydrolyzed by fresh brain tissue 

RATIONALE FOB CHEMOTHERAPEUTIC AGENTS IN CANCER 

Disubstituted phosphoric esters (XII) are being prepared from the 
naphthols and beta chloroethyl vesicants (sulfur and nitrogen mustards) If 
these products are less toxic than the mustards, the selective hydrolysis of such 
substrates by carcinoma rich in acid phosphatase (prostatic and gastric) might 
liberate mustards in sufficiently high concentration to destroy tumor cells If, 
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however, the disubstituted phosphate containing a mustard moiety should prove 
to be more toxic than the split product, then use would be made of the fact that 
the beta naphthol derivative would be split by alkaline phosphatase The wide- 
spread abundance of this enzyme in normal tissue would serve as a detoxifica- 
tion mechanism, and this means of detoxification would not be available to 
most carcinomas, which are practically devoid of alkaline phosphatase In this 
way, greater specificity might be afforded mustard therapy than is possible at 
present Disubstituted phosphate esters are indeed split by the phosphatases 
The synthesis of the naphthyl mustard phosphate is in progress Similar use 
could be made of the finding of Gomon,^^ that phosphamidase activity is Ingb 
in carcinoma The preparation of non-toxic phosphamide derivatives of the 
mustards is also in progress 

Acknowledgment is due Mr Myron Milden and Miss Mane MoIIomo for 
technical assistance, and Mr Leo Goodman for the photomicrography 


StTMMABT 

Utilizing the principle that enzymes are able to hydrolyze S3'nt}ietic sub- 
strates which maj be converted to insoluble colored pigments histochemical 
methods for a variety of hydrolytic enzymes have been developed and others 
are in process of being perfected Principles used in developing neu met lo 
are discussed 
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Discussion — Dr Arnold M Seligman, Boston In the time allotted for dis- 
cussion, I might mention one outgrowth of the work reported, which should be of 
particular interest to you 

Utilizing the substrates which are hydrolyzed by lipase, naphthyl laurate or 
naphthyl stearate, it has been possible to develop a convenient colorimetric method for 
serum lipase This colorimetric method is more sensitive than the present titrametnc 
methods, which use olive oil as substrate and which depend upon titration of the fatty 
acid produced by enzymatic hydrolysis Only 02 cc of serum is required for the de- 
termination, and incubation can be reduced from the usual 24-hour period to four to 
five hours This method should lend itself to routine use by clinical laboratories, and 
will serve as a useful adjunct to routine amylase determinations in the diagnosis of 
pancreatic disease and will be of pai ticular value m the diagnosis of pancreatic carcinoma 
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SURGICAL TREATMENT OF CONGENITAL 
PULMONARY STENOSTS=*^ 

Wrr-Lis J Potts, M D 

Chicago, Iri. 

PROM THE CHILDREN S MEMORIAL HOSPITAL CHICAGO ILI INOIS 

INTRODUCTION 

Shunting blood to the lungs for the relief of c3'anosis due to congenital 
pulmonary stenosis is at present an accepted surgical procedure Blalock and 
Taussig^ opened this field of surgery by anastomosing a systemic vessel to a 
pulmonary artery Potts, Smith and GibsonS described a method of making a 
direct anastomosis between the aorta and a pulmonary arter)! Obviously, the 
objective of each operation is the same Subclavian-pulmonary or aortic- 
pulmonary anastomoses are actually makeshift operations which do not alter 
the fundamental pathology in the heart but do relieve satisfactorily the dis- 
tressing symptoms caused by pulmonary stenosis Until researches on intra- 
cardiac surgery point the way to a means of permanently relieving pulinonan 
stenosis, some means of increasing the flow of blood to the lungs by circum- 
venting the obstruction must be employed 

CHOICE OF PATIENTS FOR OPER-tTION 

The assumption that all cyanotic children with congenital heart disease 
may be benefited by surgery is sadly erroneous The incapacitated child vitli 
a typical tetralogy of Fallot ivho has an elevated red blood cell count a normal 
or boot-shaped heart, a systolic murmur at the base of the heart, clear lung 
fields, and deviation of the axis to the light in the electrocardiogram can 
almost alwaj'^s be relieved by surgerj'^ Unfortunate^, onl}^ about 6o per cent 
of cyanotic children with congenital heart disease fall in this typical group The 
other 40 per cent have all sorts of cardiac and large vessel anomalies, many of 
which are not remediable b)^ anj' surgical procedure know n to date Selection 
of patients suitable for operation from this latter group requires a profound 
clinical knowledge of congenital heart disease The diagnostic work in this 
series of 181 patients forming the basis of this surgical report, ivas done b> 
Dr Stanley Gibson and his associates, Drs Frank Dammann, Jakub Schhchter 
and Edwun Leach 

It IS our policy to refuse operation to no child regardless of its condition 
if It can be demonstrated that cyanosis is due to diminished blood flow to the 
lungs It has become apparent that the best clinical results follow siirgeiy on 
patients with classical tetralogy of Fallot Patients w'ho have pure piilmonan 
stenosis or pulmonary stenosis associated WTth other cardiac defects suci as 
tricuspid atresia or a single ventricle, m ay anticipate less satisfactory' posto j^ 

* Read before the American Surgical Association, St Louis, Mo , April 20 , 1049 
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ative improvement Parents are apprised of this fact before operation It is 
our policy routinely to advise parents that every operation must be considered 
an exploratory procedure because occasionally a seemingly typical case may 
have abnormalities which preclude surgical relief 

The ages of these i8i patients varied from lo weeks to 17 years Children 
below one year of age are operated upon, not by choice, but only because they 
cannot live unless more blood is shunted to the lungs Most of the infants 
below one year of age in this series were so severely hypoxic that intermittent 
or continuous oxygen administration was necessary 

PREOPERATIVE CARE 

Regardless of the fact that diagnostic procedures have been completed in 
the outpatient department, cyanotic children are admitted to the hospital a 
minimum of 48 hours before the morning of operation During this time 
observation is close for any signs of upper-respiratory infection It is difficult 
in the deeply cyanotic child to evaluate a red throat or an inflamed ear drum 
Rectal temperatures of 100 degrees to 100 5 degrees F are not uncommon m 
the apprehensive child and if unaccompanied by any sign of cough, snuffles or 
contagious disease, are disregarded Many children have had to be sent home 
because of the upper-respiratory infections to which they are extremely sus- 
ceptible It IS, of course, contraindicated to operate on a cyanotic child with 
an upper-respiratory infection At the same time it is hazardous to delay 
operation m the very cyanotic child because of the frequency of cerebral acci- 
dents during such infections An infant, age six months, with a slight cold, 
extremely cyanotic and in desperate condition was brought in from a far 
western state The danger of sending the child home seemed greater than 
that of intratracheal anesthesia and surgery It died of overwhelming pneu- 
monia five days after successful aortic-pulmonary anastomosis 

Penicillin in 100,000 unit doses twice daily is begun at least 24 hours before 
operation 

The apprehensive child — this includes most of them — is beneficially quieted 
by appiopnate medication with the barbituric acid derivatives Psychic seda- 
tion of the child, and incidentally of the parents, is routine 

Preoperative medication given one hour before operation is ordered by the 
anesthesiologist. Dr William O McOuiston He^ advises relatively large 
doses of morphine and atropine for children below five years of age, including 
infants, and morphine and scopolamine for all patients above five years of age 
Foi example, a three month old infant weighing eight pounds is given hypoder- 
mically morphine sulphate gr 1/48 (13 mg) and atropine sulphate gr 
1/300 (02 mg) A four year old child receives morphine sulphate gr 
(8 mg ) and ati opine sulphate gr 1/200 (03 mg ) From five years of age 
until puberty, preoperative medication consists of morphine sulphate gr ^ 
(8 mg ) and scopolamine hydiobromide gr 1/200 (o 3 mg ) Age, not weight, 
determines the size of the dose The patient should be drowsy and indifferent 
to surroundings when arriving in the operating room 
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AKESTHESIA 

In no group of patients is the skill and resourcefulness of a trained anes- 
thesiologist more essential The alread)" hypoxic patient must be carried 
through a still more severe period of oxygen deprivation occasioned by open- 
ing the chest and occluding for a time one pulmonary arterj’- Doctor McQuis- 
ton has found cyclopropane the most satisfactory anesthetic agent because it 
allows a high concentration of oxygen and minute to minute control of tlie 
depth of anesthesia Intubation is essential to secure an adequate alnva^ and 
make possible reexpansion of the lung on a moment’s notice The operatne 
technic is greatly facilitated if the anesthesiologist controls all respiraton' 
movements, i e , “breathes for the patient” by rapid intermittent pressure on 
the anesthetic bag Respiratory efforts during controlled respiration indicate 
increasing h3’'poxia and carlion dioxide excess and are best relieved b) tein- 
porarity discontinuing the operation and reexpanding the lung if the pulinonar} 
artery has not yet been occluded in preparation for the anastomosis Curare is 
used only ivhen it is impossible otherwise to quiet the operative field during 
the actual anastomosis 

Cardiac arrhythmias have not resulted from the use of cyclopropane 
anesthesia 

Bradycardia dunng operation has been benefited by intravenous adminis- 
tration of a ver) small dose of atropine, often as little as i/iooo of a grain 
Acute bradicardia oi arrh}thmia initiated by vagal reflexes occurring 
usually as dissection of the pulmonaix' artery is begun have been treated most 
satisfactorily bv swabbing the hilus of the lung and the vagus nen’e with a 
solution of 5 per cent cocaine 

TEMPER ^TUKC CONTROL DTTRING OPERATION 

Elevation of temperature during anj' prolonged operation is expected but 
if controlled usually occasions no anxiety During operations on cyanotic 
children we have noted a more than average rise in temperature With each 
degree of elevation in temperature there is approximatel}’^ a 7 per cent increase 
in metabolism and a consequent increase m oxygen consumption Since hypoxia 
IS one of the chief causes of death during operation for pulmonar}' <;tenosis it 
follow s that an\ means of lessening the consumption of already imdequateb 
available oxygen is in order For }ears the importance of maintaining bodi 
temperature during operation has been taught but misinterpreted Elevation 
of temperature above normal during any operation is unjustifiable McQuis- 
ton^ suggested in kla} of 1948 that since no means of supplying 0x1 gen extra- 
pulmomcallv has been successful we attack the problem from the other side 
and trj consenting ox> gen b) low ering the body temperature during operation 
in patients w ith se^ ere c} anosis About this time an infant Thomas O three 
months and 2S dajs old with marked c\ anosis since the age of two months 
was flown to the Children’s Memorial Hospital as an emergency Attacks of 
unconsciousness lasting about 30 minutes wtere preapitated by the slightest 
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exertion Even in oxygen his condition was precarious It was the opinion 
of the cardiologists, anesthesiologist and surgeon that the infant would prob- 
ably die on the operating table 

The usual preparations for operation were observed The infant received 
hypodermically morphine sulphate gr i/6o (i mg) and atropine sulphate 
gr 1/300 (o 2 mg ) one hour befoie operation (Dr John A Bigler, with the 
help ot the Central Scientific Company,^ Chicago, Illinois, had previously 
constructed an explosion-proof apparatus for the continuous recording of rectal 
temperatures Later Doctor Bigler had a water mattress constructed for the 
control of temperatures ) Cyclopropane anesthesia was used The infant was 
surrounded with ice bags His temperature was lowered until it registered 
96 degrees F rectally, and n as kept at this level for approximately 90 minutes 
During much of this time no cyclopiopane was necessary to maintain anes- 
thesia When the aortic-pulmonary anastomosis had been completed, hot 
water bottles were substituted and the temperature was slowly returned to 
normal As soon as the temperature reached 96 7 degrees F during closure of 
the chest, the infant began to react and required a small amount of cyclo- 
propane He was returned to his room awake and in good condition After 
24 hours he v as removed from oxygen and was taking a full formula by bottle 
He ivas discharged 14 days after operation in excellent condition 

Since then Doctor McQuiston has used controlled hypothermia during 
operation of 71 patients with pulmonary stenosis No deleterious effects have 
been noticed There has been 110 increase in postoperative respiratory compli- 
cations We believe — considering previous patients as controls — ^that the 
mortality and morbidity from severe anoxia has been lessened by the use of 
hypothermia 


SURGICAL TECHNIC 

A01 tic-ptdmonai y anastomosis Although the technic of aortic-pulmonary 
anastomosis has been outlined in previous publications it is reviewed in detail 
in an attempt to answ^er the most commonly asked questions 

The child is laid supine on the operating table on a ivater mattress covered 
with a sheet, and anesthetized The mattress connected with an inflow and 
outflow tube IS partially filled with tap water As the operation progresses, 
cool or even ice w ater is funneled into the w^ater mattress to keep the patient’s 
rectal temperature at about 99 degrees F Only the very cyanotic children are 
cooled to 96 or 97 degrees F It is desirable to have a continuous recording of 
the temperature w^hen refrigeration is being used After the child has been 
anesthetized a cannula is inserted in the right saphenous vein at the ankle for 
the administration of fluids, blood and medication as needed during and follow- 
ing operation The child is then turned on its nght side and fixed in this 
position with a long strip of adhesive tape across the hips and attached to the 
operating table to keep the child from rolling on the water mattress The 

* Construction of apparatus by M N States, PhD, and H M SuIInan, PhD 
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thermocouple is inserted in the rectum and fixed w ith adhesive tape to prevent 
its being ejected Skin preparation is with ether, iodine and alcohol 

The incision is begun anteriorly about i inch below and slightly lateral to 
the left nipple, continued straight back beneath the tip of the scapula and 
curved upward behind the middle of the scapula (Fig lA) The muscles are 
cut about I cm below the tip of the scapula and the fourth nb is identified b} 
palpating from the first nb downward The chest is routinely opened through 
the fourth interspace except in older children or those uith large chests m 



Fig I — Techmc of aortic-pulmonary anastomosis 
A Lateral incision through the left fourth interspace 
B The pulmonary artery is thoroughly freed from 
surrounding structures 

C The aorta is elevated with a cystic duct forceps as 
the aortic clamp is slipped beneath it 

\\ Inch cases the fourth nb is resected subpenosteally The parietal pleura over 
the lulus of the lung is opened and the pulmonary arterj’' identified Exposure 
of this vessel will be tremendously simplified and expedited if the adventitial 
layer about the vessel is identified and the dissection carried through this layer 
In general the deeply cvanotic child has a smaller than average ptilmonan' 
arter)”^ buried m masses of dense connective tissue and thm-walled veins 
Sponges are not used during the dissection because they are traumatic and 
relatively ineffective A stream of saline solution delivered from a bulb 
sjringe and removed by an aspirator is far more effective than sponges for 
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clearing away spilled blood The pulmonary artery, including its primary 
branches — usually three — is well freed from surrounding structures (Fig iB) 

The lateral edge of the parietal pleura which was cut to free the pulmonary 
artery is dissected laterally to expose the aorta from its medial surface Some- 
times the vagus nerve lies anteriorly and must be freed from this layer of 
pleura but more often it lies deep and is not seen until later This fold of 
pleura is caught with a stitch drawn laterally and held with a hemostat As in 
dissection of the pulmonary artery’- it is well to follow the adventitial layer in 
freeing the aorta However, the walls of the aoita should not be closely 
skinned because in so doing some of the blood supply derived from small 
adventitial vessels is destroyed 

Intercostal arteries vaiy tremendously m number and position At the 
proper level opposite the pulmonary artery enough of them are doubly tied and 
cut to make room for application of the clamp The average number of inter- 
costals requiring ligation is four Occasionally a vessel 2 to 3 mm in diameter 
arising from the aorta at this level cannot be identified as an intercostal or a 
bronchial artery If the vessel is directed downward, presumably towards the 
lung, every effort is made to avoid sacrificing it although no deleterious effects 
have been noted when such vessels have been ligated and cut 

At this point the lung is usually reexpanded for a few minutes even though 
the patient’s condition seems good The added oxygen absorbed is good 
insurance against the period of increased hypoxia necessitated by occluding the 
pulmonary artery during the anastomosis The lung is deflated and doubly 
encircling ligatures of heavy silk, oiled to prevent sticking in the adventitia, are 
placed around the pulmonary artery and around each of its branches These 
ligatures may be put on later after the aortic clamp has been applied (Fig 2E) 

The aorta, well freed, is then elevated with a cystic duct forceps and the 
lower half of the proper sized aortic clamp is slipped beneath the vessel (Fig 
iC) (If the clamp does not go into position easily, the reason usually is that a 
posterior lying intercostal artery has been overlooked ) The upper half of 
the clamp is adjusted As the sections of the clamp are being brought together 
the adventitia of the segment of aorta which is to be isolated is grasped with a 
tissue forceps and drawn away from the clamp to increase the size of the 
occluded segment It is essential to determine by inspection or by palpation of 
a thrill distal to the clamp that some blood is going through the aorta after 
the clamp has been tightened How tight should the clamp be screwed ^ That 
will have to be learned from animal experimentation It needs only to be snug 
It IS reassuring once or twice during the anastomosis to try the knuiled nut on 
the end of the clamp to be sure it is not loosening spontaneously or that the 
assistant holding the clamp has not inadvertently loosened it I have never had 
the isolated segment of aorta slip out of the clamp but it could happen with 
rather terrifying results 

The excess adventitia is removed with scissors from the occluded portion 
of the aorta where the anastomosis is to be made 
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The incision in the aoita must be carefully and accurately made m exactly 
the right place (Fig 2D) With the open ends of a fine tissue forceps the 
rounded portion of the occluded segment of aorta is flattened by gentle pres- 
sure The knife — a small blunt blade with a long handle — is directed at right 
angles to the flattened wall of the aoita and exactly toward the middle of the 
occluded poition, so that the anterior and posterior lips will be equally wide 
(Fig 2D) If the incision is made off from the midfline, either the anterior or 
posterior hp will be short and one of the rows of sutures will be put in wuth 
great difficulty The knife is used only to make a tiny opening in the aorta 
The incision is then completed to 54 {6 3 mm ) with a fine pointed, 

angled scissors There ivill be no fragmentation of the aorta in children if it 
IS carefully cut wuth a scissors (Many surgeons practicing this operation on 
dogs have reported difficulty occasioned by the tendency of a dog’s aorta to 
fragment while being incised and sutured It must not be forgotten that most 
laboratory dogs are full grown and many are old Their aortas compare in age 
with those of a 30 to a 60 year old person If gently handled, fragmentation 
of the edges of the cut aoita in a child need not be feared ) 

The pulmonary artery is now tied to the aortic clamp One end of the 
doubly encircling ligature about the large branch or branches of the pulmonary 
artery nearest the aorta is threaded through the flanges of the lower side of 
the aortic clamp The other end of this ligature is drawn through in the oppo- 
site direction (Fig 2F) These ligatures are most easily threaded on the clamp 
by using a large needle from which the point has been broken off for safety’s 
sake The pulmonary artery is then held against the aortic clamp wuth a cystic 
duct forceps wdule the ligature is being drawm up snugly and tied The 
ligature about the pulmonary artery is tied to the upper side of the aortic 
clamp in a similar fashion By tying the pioximal ligature "second the occluded 
portion of the pulmonary artery is distended with blood, making it far easier 
to choose the correct site for incision The hemostat is left on the remaining 
medial branch of the pulmonary artery and a bit of traction kept on it after 
making the incision in the pulmonary artery to keep the hole open and its edges 
visible The incision in the pulmonary artery is made with a knife and 
enlarged to proper size wnth a scissors to match the incision in the aorta 


Fig 2 — ^Technic of aortic-pulmonary anastomosis continued 
D Incision in the aorta must be m exactly the right place (see text) 

E Ligatures of heavy oiled silk are placed around the left pulmonary 
artery and its branches 

F The lower branch of the pulmonary artery is tied to the lower edges 
of the clamp first, then the main vessel is tied to the upper part of the clamp 

Fig 3 — Technic of aortic-pulmonary anastomosis continued 
G The first stitch is so placed that the knot is outside the lumen of 
the vessel 

H The posterior row of stitches, as well as the two at the lower angle, 
coapt the edge’s of the vessels adventitia to adventitia 

I The anterior row of sutures is left loose until all the stitches haie 
been placed The entire anastomosis is done with one continuous suture 
J The chest is routinely drained with a de Pezzer catheter tlirough the 
sixth interspace 
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The isolated segment of aorta and the occluded portion of the pulmonar\ 
artery are now w ashed free of all blood by a stream of saline solution In a few 
instances blood has seeped into the occluded portion of the pulmonary arter} 
This has been due to failure to tie tightly enough one or both of the ligatures 
holding the pulmonary artery to the aortic clamp The error is easily corrected 
by grasping the knot with a hemostat, drawing up the slack and tying a thread 
around the pulmonary ligature just below the knot 

The anastomosis, performed with ooooo Deknatel silk on a curved No 9 
atraumatic needle, is begun at the superior angle The suture is carried 
through the pulmonary artery from the outside in and through the aorta from 
the inside out and tied The knot is, therefore, outside of the lumen of the 
vessel (Fig 3G) Continuing with the suture m an over-and-over manner the 
posterior cut edge of the pulmonary is sewed to the posterior cut edge of the 
aorta, adventitia to adventitia The stitches are placed i mm apart and about 
I mm from the cut edges It is absolutely essential that every stitch goes 
through all layers of the aorta At the inferior angle the method of suture is 
not changed but it is necessarj^ to carry the needle through each vessel ivall 
separatelj'- (Fig 3H) We do not lock the suture at the inferior angle as 
previously suggested but continue with this thread to bring the anterior cut 
edges of the vessels together intima to mtima While putting in the posterior 
row of stitches and those in the lower angle, the thread is draivn up gently 
to coapt the edges as each stitch is placed However while placing the anterior 
row of sutures the thread is left loose until the last stitch has been placed 
This method allow^s visualization and accurate placement of each stitcli 
Beginning then at the lower angle of the anastomosis the thread is grasped 
with fine tooth forceps and each stitch is drawn up with proper tension The 
ends are tied and the anastomosis is complete (Fig 3I) 

The hemostat on the branch of the pulmonary arteiy is released first, then 
the lower pulmonary ligature is cut and finally the upper pulmonary ligature 
IS cut A small amount of bleeding may occur through the needle holes but it 
stops spontaneously If the sewung has been inaccurate at any point an extra 
interrupted stitch may be necessary We have never had bleeding from the 
posterior row of stitches Should it occur, one would have no choice but to 
take down the entire anastomosis and do it over 

The aortic clamp is released slowly Partial occlusion of the aorta has 
elevated the brachial blood pressure usuall}’- from 10 to 20 mm of mercury, and 
to avoid a precipitous fall it is wnse to release the clamp a bit at a time while 
the blood pressure is being checked If the blood pressure drops more than 
approximately 20 mm of mercury the clamp is tightened somew^hat for a fev 
minutes and again slowly released The aortic clamp is removed Palpation 
over the anastomotic channel wnll rer^eal a thrill caused by blood flow'ing from 
the aorta into the pulmonarj artery The lung is fully reexpanded b}^ the anes- 
thesiologist E^ er}' chest is drained A de Pezzer catheter wuth all but a flange 
cut away is drawn from the inside out through a tiny stab wound in the sixth 
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interspace (Fig 3J) The flange of the catheter is placed snugly against the 
inside of the chest 

Adjoining ribs are drawn together with two heavy catgut sutures placed 
subperiosteally on the inferior nb to avoid pressure on the intercostal nerve 
The muscles and subcutaneous tissue are closed in layers with continuous 
sutures of 000 chromic catgut The slight and questionable disadvantage of 
closing the chest with catgut instead of silk, I believe, is more than offset by 
the operating time saved in putting in continuous sutures The operating time 
from skin incision to skin closure varies from one and a half to two hours 

While the anesthesiologist is making pressure on the anesthetic bag to force 
all air from the chest a hemostat is clamped on the drainage catheter 

The patient is turned very slowly from the lateral to the supine position 
For some unknown reason the blood pressure is apt to drop alarmingly at times 
as the position is being changed The intratracheal catheter is not removed 
until the child begins to react Some poor risk patients who have been very 
hypoxic during the operation breathe very poorly for a time immediately after 
surgery Such patients are kept on the operating table until they are breathing 
normally and their systolic blood pressure has returned to approximately 
100 mm of mercury Occasionally a child has been kept on the table from two 
to three hours after the operation before it has been considered safe to move it 
During this time full oxygen is given by intermittent pressure on the anesthetic 
bag Respiration stimulating drugs are never used No drug is superior to 
oxygen for the child who is near death from hypoxia 

SUBCLAVIAN-PULMONARY ANASTOMOSIS 

Anastomosis of the proximal end of the left subclavian artery to the side of 
the left pulmonary artery has been accomplished successfully in 14 patients 
with right aortic arches Surgical approach is the same as for aortic-pulmonary 
anastomosis — through the left fourth interspace or through the bed of resected 
fourth rib After freeing the pulmonary artery as described above, the sub- 
clavian artery is freed from its surrounding structures to its origin from the 
innominate artery The vagus nerve and its recurrent laryngeal branch looped 
around the subclavian artery are identified and thoroughly freed Instead of 
ligating the subclavian artery at its point of branching, the individual branches, 
usually three, are ligated separately each with one well placed ligature A 
ductus clamp, previously described,^ the basic principle of which is multiple tiny 
teeth in the apposing jaws to prevent slipping, is now placed on the subclavian 
artery a proper distance proximal to the point where the subclavian artery is 
to be cut (Fig 4A) The subclavian artery is cut squarely across just prox- 
imal to Its point of branching and is drawn out of the recurrent nerve loop and 
turned downward To gain added length the subclavian artery is well freed 
from the carotid artery at their common point of origin The proximal end 
of the pulmonary artery is now occluded with another ductus clamp or one of 
its modifications (Fig 4B) The branches of the pulmonary artery 
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occluded with doubly encircling ligatures held taut with hemostats The 
technic of anastomosis is that described by Blalock (Fig 5A-E) 

Our surgical approach to the patient with pulmonary stenosis and a right 
aortic arch has changed (Table I) We rather stubbornly performed 22 con- 
secutive aortic pulmonary anastomoses on the right side m patients ranging 
in age from four months to 16 years In no case was it impossible to perform 
the anastomosis if a proper sized pulmonary was present However, this 
operation is difficult on the right side because the right pulmonary artery is 
short and courses at a 90 degree angle to the aorta Furthermore, the bronchus 
lies in the way between the pulmonary artery and the aorta While the results 
eventually were satisfactory a number of children did not have an immediate 
typical continuous murmur and were not promptly relieved of their cyanosis 
following operation Improvement was slow over a period of two to three 
weeks but eventual^ was satisfactory One child had partial atelectasis of the 
lung and a bad cough, presumably due to pressure of the anastomosed vessels 
on the bronchus The anastomotic channel in one child closed about four 
months after aortic-pulmonary anastomosis on the right side A subclavian- 
pulmonary anastomosis was later done on the left side with a good result 

Our policy now is as follows The surgical approach in all children above 
two years of age with pulmonary stenosis is through the left fourth %nte') space 
If the arch of the aorta curves to the left an aortic-pulmonary anastomosis is 
done If the arch curves to the right a subclavian-pulmonary anastomosis is 
done In infants below one year of age with a right arch the subclavian artery 
on the left is apt to be too small for a satisfactory anastomosis and the approach 
IS on the right side for an aortic-pulmonary anastomosis Children between 
one and h\o years of age vary m size and the judgment (or guess work) of the 
operator will have to determine which side to approach In a 15-month-old 
child with a right aortic arch we found a good-sized left subclavian artery and 
anastomosed it satisfactorily to the left pulmonary artery 

It appears that m children with left aortic arches an aortic-pulmonary 
anastomosis is technically simpler than a subclavian-pulmonary anastomosis 
on the right side , that m children with right aortic arches subclavian-pulmon- 
ary anastomosis on the left side is technically simpler than aortic-pulmonary 
anastomosis on the right side 

POSTOPERATIVE CARE 

The anesthesiologist and the resident accompany the patient back to the 
loom The patient is placed in an oxygen tent rather routinely for 24 hours. 


Fig 4 — Technic of subclavian-pulmonary anastomosis 

A The branches of the subclavian artery are tied individually, the vessel occluded 
with a ductus clamp and cut at the dotted line 

B A ductus clamp or one of its modifications is applied to the left pulmonary artery 
The branches are occluded with doubly encircling ligatures of heavj silk 

C Enlarged dravmg to illustrate the ductus clamp vith manj^ fine teeth in the 
apposing jaws which occlude, will not slip and will not injure the \essel wall 

Fig s — A to E Technic of subclavian-pulmonary anastomosis according to Blalock 
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longer If necessary A glass tube is used to connect the chest drain catheter 
with a tube in an under-water seal bottle This allows easy inspection of the 
type of drainage from the chest The water seal bottle is fixed to the floor ith 
adhesive tape to prevent its being kicked over and to prevent the cui lous from 
raising the bottle The water level in the bottle is marked by a strip of adhesive 
tape so that the nurse may recognize at a glance the amount of drainage from 
the chest (See complications ) 


Tabie I — Snigual Tieatmcnt of PaUcnis zvifh Right Aortic ArchcP^ 


Operation 

Number 

Deaths 

Mortality 

Aortic pul anas 

22 

2 

9% 

Subcl pul anas 

14 

0 

0 

Explor only (No pul art ) 

S 

2 

40% 

Totals 

41 

4 

9 7% 


* 22 per cent of the patients with pulmonary stenosis had right aortic arches 

A 50 cc syringe and aspirating needle are kept at the patient’s bedside A 
catheter attached to an aspirating machine is used to aspirate mucus from the 
throat If the rattling mucus cannot be reached the stimulus of the catheter 
in the throat is often effective in stimulating a productive cough Careful 

Table II — Postopciatwc Complications in Patients Who Recovered 


Pulmonarj Complications No of Cases 

Cough 22 

Laryngeal edema 7 

Lnryngeal edema requiring tracheotomy 3 

Atelectasis 4 

Pulmonary edema 3 

Pneumothora\ 3* S 

Mild hemothorax 2* 4 

Hemopneumothorax 1* 1 

Effusion 3* 6 

Hemorrhage 3 

Pneumonia I 

Other Complications 
Cerebral anoxia 

With coma 4 da> s 1 \ 2 

With coma 3 da> s 1 J 

With temporary spasticity 3 

Tonsillitis 2 

Anuria (transfusion reaction) 1 

Wound infection severe 1* 1 

Pulmonary embolus 1 


Horner s syndrome following subclavian pill anas on rt side 2 

* bndrained cases 

obser\ation for obstructed respiration manifested by labored breathing and 
suprasternal retraction is important and calls for immediate removal to the 
steam room 

Penicillin units 100,000 is given intramuscularl)' twice a day for approM- 
match a week following operation 

The drain is removed from the chest on the second or third day 
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POSTOPERATWE COMPLICATIONS 

As might be anticipated, by far the largest group of postoperative complica- 
tions were pulmonary (Table II) Laryngeal edema occurring in ten patients 
was due most likely to irritation of the intratracheal anesthetic tube Patients 
are watched very carefully following operation for any sign of laiyngeal 
obstruction and promptly moved to the steam room if respiration is labored 
If respiration is obstructed so that the patient fights for air, or if obstructed 
respiration persists and the patient becomes fatigued, a tracheotomy is promptly 
done There is less danger m doing an occasionally unnecessary tracheotomy 
than in waiting too long to relieve the patient’s struggle for air 

Should the chest be drained ? is a question often asked From our experi- 
ence the answer is an unequivocal “yes ” The first 13 patients operated upon 
for pulmonary stenosis were not drained and nine required one or more aspir- 
ations of the chest for the removal of fluid and/or air Furthermore, these 
patients required repeated roentgen ray examination of the chest The following 
160 patients were drained and only seven required aspiration, because for one 
reason or another the drainage tube did not function efficiently Observation of 
the rise and fall of the fluid in the under-water tube with each respiration 
reveals at a glance whether the drainage tube is functioning properly Marking 
the fluid level in the drainage bottle immediately after operation makes it sim- 
ple to estimate the amount of postoperative drainage Auscultation of the 
chest determines whether the lung is being aerated Postoperative roentgeno- 
logical examination is practically never necessary except for study of condi- 
tions other than the accumulation of fluid or air 

Non-fatal, severe postoperative hemorrhage in the left pleural cavity 
occurred three times At re-operation in one case the bleeding was found to 
come from the cut end of a rib which had been removed subperiosteally The 
cause of bleeding in the other two was not detenmned It stopped spontan- 
eously In all of these cases the hemorrhage was promptly detected by obser- 
vation of the drainage tube and bottle Blood was replaced by transfusion as 
it was being lost Without a safety valve drainage tube the hemorrhage might 
not have been detected early, and the amount of blood to be replaced would 
have been less accurately known 

Anoxia during operation is difficult to combat and will be followed by 
cerebral symptoms or death depending upon the degree of deprivation Five 
patients showed the effects of non-fatal cerebral anoxia following operation — 
two had prolonged coma and three had temporary spasticity The only treat- 
ment employed besides the usual intravenous alimentation and careful nursing 
was the administration of a high concentration of oxygen We have been 
singularly fortunate in that the patients who sufferered from cerebral anoxia 
all recovered completely or died Nothing is more tragic than the survival of 
a child who, following operation, is merely an unthinking metabolic machine 
Lesser complications require no discussion , minor complications which did 
not influence recovery unfavorably are not listed 
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DISCUSSION OF DEATHS 

For the causes of death in i6 patients following a successful aortic-pul- 
monary anastomosis see Table III Postmortem examination was obtained on 
all but one It will be noted that six deaths were due to cerebral accident This 
catastrophe is very common before as well as after surgery , m fact, more chil- 
dren died of this complication between the time they were examined and were 


Table III — Causes of Death Following Anastomosis 



Number 


Time 



of 


Following 


Age 

Cases 

Deaths 

Operation 

Causes of Death 

10 wks - 

17 

3 

8 days 

Pneumonia 

lyr 



16 days 

Right heart failure 




3 days 

Cerebral anoxia 




7 days 

Heart failure anoxia thrombosis of 





anastomosis 




3 hours 

Thrombosis cerebral sinuses 

1-2 yrs 

22 

4 

16 hours 

Hemorrhage ruptured bronchial artery 




15 hours 

Cerebral thrombosis 




4 days 

Cerebral hemorrhage 




8 weeks 

Sepsis infected vegetations at anasto 





mosis secondary to saphenous vein 
infection at site of cannula insertion 

2-3 yrs 

20 

3 

36 hours 

Cerebral hemorrhage 




7 days 

Thrombosis anastomotic site saddle 





embolus Died following embolectomy 




20 days 

Sepsis multiple abscesses of the left 





lung Anastomosis patent 

3-4 yrs 

18 

0 



4-S yrs 

18 

1 

5 hours 

Tension pneumothorax 

3-6 yrs 

14 

1 

During 

Anoxia 




operation 


6-7 yrs 

12 

0 



7-8 yrs 

13 

0 



8-9 yrs 

8 

0 



9-10 y rs 

6 

0 



10-11 jrs 

2 

1 

18 hours 

Hemorrhage from intercostal artery 

11-12 yrs 

9 

1 : 

'30 hours 

Cerebral hemorrhage 

12-16 yrs 

6 

0 



Totals 

163 

16 — Mortality of 9 7% 


awaiting surgery than died of it following surgery Basically, hypoxia is the 
cause of these deaths, and so long as it cannot be relieved during operation 
unavoidable deaths will occur 

Tvo children died of heart failure Both had had decompensation relieved 
by digitalis before surger)" The child who has cardiac enlargement, whose liver 
is dovn, and vho has previously suffered cardiac embarrassment is a verj' 
poor operative risk 

One child died the night after operation of hemorrhage from a small open 
intercostal arter)’^ Either the ligature slipped off or the vessel was not tied 
This child need not have died At that time we vere using plain sterile water 
in the drainage bottle What blood drained into the bottle was promptly hemo- 
h zed and did not look red enough to the nurse to sound an alarm When the 
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pulse became weak the significance of the “pink drainage” was recognized but 
It was too late We now use saline in the drainage bottle, observe and mark 
the fluid level frequently 

One child died of tension pneumothorax before it was routine to drain the 
chest At operation adhesions were separated at the apex of the lung Upon 
completion of the operation the lungs were inflated and the left chest filled 
with saline solution No bubbles were seen However, a few hours after 
operation the child suddenly became dyspneic and died Postmortem examina- 
tion revealed the cause — tension pneumothorax from the escape of air from the 
apex of the lung Since then we have drained all chests 

The case of death from a ruptured bronchial artery or a ruptured ductus 
arteriosus requires some explanation At operation this child had no pulmon- 
ary artery on the left side However, arising from the arch of the aorta just 
beyond the origin of the left common carotid artery was a vessel which 
coursed to the hilus of the left lung The proximal i 5 cm of this vessel was 
hard and obviously occluded Slightly above the hilus of the lung it expanded 
into a non-pulsating, extremely thin-walled vessel about 5 mm in diameter 
An anastomosis between this vessel, a bronchial artery or a partially obliter- 
ated ductus arteriosus, and the aorta was made Upon release of the clamp 
there was a brisk thrill over the anastomotic channel Sixteen hours after oper- 
ation there was a sudden gush of blood from the drainage tube and the child 
died At postmortem examination it was found that the bronchial artery or 
ductus arteriosus had ruptured distal to the site of anastomosis to the aorta. 
The anastomosis was intact, measured 4 mm in diameter and was patent It 
can only be assumed that this vessel could not withstand the strain of aortic 
blood pressure It is interesting that the vessel rather than the anastomosis 
gave way Further postmortem examination revealed a single pulmonary 
artery going to the right lung — not even a remnant of a left pulmonary artery 
was found (Since this time we have performed a similar operation on an 
1 8-month-old child with a fair result ) 

The cause of death following exploration only was anoxia in six cases and 
anoxia and bilateral bronchopneumonia in one case Postmortem examination 
was obtained in all cases In six of these cases the pulmonary artery was 
meiely a tiny strand of bloodless tissue and m one the pulmonary artery was 
present but too small for an anastomosis In nine exploratory operations fol- 
lowed by survival no pulmonary artery could be found but, of course, proof of 
its absence is lacking 

If blood cannot be shunted to the lungs even simple exploration is apt to 
temiinate fatally 


MORTALITY STATISTICS 

Mortality statistics aie ah\ays fascinating because they prove so little and 
can be made to prove so much (see Table IV) There were 16 deaths in 165 
patients upon whom an aortic-pulmonary or subclavian-pulmonary anastomosis 
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was done, a mortality of 9 7 per cent Exploratory operation alone was clone 
on 16 patients with seven deaths or a mortality of 43 8 per cent The overall 
mortality — 23 deaths in 181 operations — is 12 7 per cent There were 12 
deaths in 59 children below three years of age upon whom an anastomosis 
was done, or a mortality of 20 per cent, while in 106 children from three to 


T ABLE IV — M ojtahty 

SfatlSilCS 



Following Anastomosis 

Ages 

Cases 

Deaths 

Percentage 

10 weeks-3 years 

59 

12 

20 

3-16 years 

106 

4 

3 8 

Total 

165 

16 

9 7 

Exploratory Operations 

16 

7 

43 8 


— 

— 

— 

Grand total 

181 

23 

12 7 



A B 

Fig 6 — A Preoperatue roentgenogram of first patient, D S , to have an 
aortic-pulmonarj anastomosis, September 13, 1946 

B Roentgenogram two years later showing about the usual postoperatne 
enlargement of the heart and the increase m vascularity of the lung fields 

16 }ears of age there were only four deaths or a mortality of 3 8 per cent In 
the first 10 cases below one 3Tar of age reported by Potts and Gibson’’ there 
was onh one death, or a mortalih of 10 per cent Four of the next seven 
patients died and now the mortahtj in children below one year of age oper- 
ated upon for congenital pulmonary stenosis is 30 per cent Statistics are 
interesting 
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RESTTLTS 

The results in 135 patients who survived aortic-pulmonary anastomosis 
and in 14 patients who survived subclavian-pulmonary anastomosis have been 
satisfactory to us, spectacular to the parents, and acceptable to the children 
The medical and surgical staff realize that the fundamental pathology in the 
heart has not been corrected and, what is more, that an added burden has been 
placed upon the heart by the surgical procedure The parents see only the 
change in the child’s color and are grateful for release from the anguish of 
being powerless to relieve their unhappy child The child nonchalantly accepts 
his improved condition, runs and plays without thought of piotecting his heart 
muscle 

What IS the ultimate prognosis^ This question is asked again and again 
Too few years have passed to even guess intelligently the future of these chil- 
dren Every child has some enlargement of the heart rather promptly follow- 
ing operation In most instances the enlargement soon stabilizes itself — is not 
progressive In Fig 6A is shown a roentgenogram of D S , the first patient to 
have an aortic-pulmonary anastomosis, operated upon September 13, 1946 
Fig 6B IS a roentgenogram taken two years later Enlargement of the heart is 
moderate A few of our patients have shown excessive cardiac enlargement 
and two have gone into heart failure For these I am to blame The anasto- 
motic channel was made too large In the early cases we made incisions m the 
aorta and pulmonary artery from 5/16 to 6/16 of an inch long This opejiing 
was too laige Now on young and older children alike, we routinely make 
the incisions 111 the vessels 4/16 of an inch (63 mm ) long, accurately meas- 
ured with a caliper This opening is large enough to relieve the major portion 
of the cyanosis It is difficult m dogs to make the opening much smaller 
than 4/16 of an inch and have it remain patent This undoubtedly is true for 
children We still have not answered the question of whether the hole will 
grow with the child 

To the best of our knowledge only one anastomotic channel has closed in 
149 patients who were operated upon during the past two and one-half years 
and survived surgery 


SUMMARY 

1 One hundred and eighty-one patients with congenital pulmonary steno- 
sis have been operated upon at the Children’s Memorial Hospital 

2 No patient regardless of condition, has been refused surgery if it could 
be demonstrated that there vas diminished blood flow to the lungs 

3 The importance of skilled anesthesia is stressed Cooling the patients 
during operation is beneficial because it lessens the consumption of oxygen 

4 The technic of aortic-pulmonary anastomosis on the left side is outlined 
in detail 

5 Subclavian-pulmonary anastomosis on the left is done on children above 
tM 0 years of age with right aortic arches 
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6 Postoperative complications and deaths are outlined and discussed 

7 The overall mortality rate, 23 deaths m 181 patients, is 12 7 per cent 
The mortality rate in patients upon whom anastomoses could he performed, 
16 deaths m 165 patients, is 9 7 per cent 

8 The results m those patients who survived surgery have been ver} 
satisfactory 
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Discussion — Dr H William Scott, Jr, Baltimore The point that Dr Potts 
made about cooling the patient certainly seems to be a good one It is our experience 
at Hopkins that the majority of deaths encountered during the course of operation on 
cyanotic patients seem to be due to cardiac anoxia Cooling the patient by lowering 
the metabolic rate and reducing the m3'ocardial oxygen requirement should be quite 
helpful 

Dr Blalock and others in our group have continued to prefer an anastomosis 
betw'een the subclavian branch of the innominate artery and the side of the pulmonan 
In the last 80 attempted anastomoses of this type, difficulty because of a short subclaiian 
was encountered in only four cases In these an end-to-end anastomosis was earned 
out successfull> 

It should be emphasized that extensive mobilization of the systemic, as well ^5 
the pulmonary, vessels should be carried out if the subclavian branch of the innominate 
IS going to be used 

We feel that a more accurate approximation of the intimal surfaces can be made 
when the subclaMan is used than bj using a thick w'alled \essel such as the aorta 
Since the innominate is on the right in about 80 per cent of the cases, the incision is 
usuallj made on the right Howe\er, in some of the larger and older patients, and m 
some infants, we make the incision on the left and do an anastomosis either between the 
subclai lan branch of the aorta and the pulmonarj or use the aorta itself 

When the pulmonarj is very small it is our feeling that an end-to-end anastomosis 
IS technicallj superior to an end-to-side anastomosis betw'een the subcla\ian and pul- 
monarj', or a side-to-side anastomosis using the aorta With increasing experience it be- 
comes more apparent that one should be prepared to perform the anastomosis that is 
best suited to the anatomical relations of the vessels encountered at operation 

Dr Egbert H Fell, Chicago At the Cook Counh Children’s and Presbitenan 
Hospitals in Chicago, m the past jear we haie performed 20 operations on 18 children 
In this group of 20 operations, ten were performed on children of two jears of age or 
less Tne of the group were between four months and one jear There were two deaf ' 
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in this group , both of them died of thromboses We were encouraged to attempt surgery 
on a still smaller or younger age group, because it has been brought out numerous times 
that the mortality rate is greatest in the first year of life 

We were presented with three infants very severely cyanotic, requiring constant 
oxygen, food parenterally, and m a semi-comatose condition The youngest was seven and 
one-half weeks, weighing seven lbs , the second was ten weeks old, weighing nine lbs , 
the third five and one-half months, weighing eight lbs 

(Slide) These three cases were diagnosed by Dr B M Gasul, the cardiologist and 
pediatrician on our service, as tricuspid atresia or non-functional right ventricle The 
fundamental problem is the same as that m the tetrology of Fallot m the fact that there 
IS an insufficient supply of blood reaching the lung Therefore, the problem existed of 
making an artificial ductus, thus shunting blood to the lung 

Life is dependent, in cases of non-functioning right ventricle, upon an interauricular 
septal defect and a patent ductus arteriosus, and as long as the patent ductus stays 
open the child exists As the ductus closes, the seventy of the condition increases 
We knew that if surgery was not done these three children would not survive 

We attempted the Potts-Smith procedure, the aortic-pulmonary anastomosis m all 
three cases, and we were pleasantly surprised that they were all benefitted The 
seven and one-half- week-old child is now over eight months old, the ten-week-old child 
has survived over two and one-half months, and the five and one-half-month-old child 
lived over six and one-half months and was brought up from southern Illinois with a 
severe bilateral bronchial pneumonia and died within a few hours of admission 

(Slide) This shows the right heart You see the interauricular septal defect There 
IS no indication of the tricuspid valve 

(Slide) This is a very small non-functionmg right ventricle There is no com- 
munication between the left ventricle or the right auricle with the right ventricle 
The pulmonary artery leads from this rudimentary structure and is small Note the 
marked hypertrophy of the left ventricle 

(Slide) This is what is left of the ductus, a very small probe can be introduced 
into it It IS non-functioning 

(Slide) This IS the left heart showing a marked hypertrophy of the left ventricle 
and the interauricular septal defect 

(Slide) This is the orifice of the artificial ductus as seen from the aortic side, 
showing that it was patent, smooth, well healed and apparently functioning well, and 
there was no evidence of cardiac strain or that death was due to any cardiac involve- 
ment 

We feel that these procedures should be attempted on the severely ill individuals, 
and that Dr Potts and Dr Smith have contributed a great deal to the chapter which 
was so well begun by Dr Blalock 

Dr Robert M Janes, Toronto Mr President and Members When I read the 
most interesting second paragraph in the summary of this paper, it occurred to me 
that perhaps Dr Potts and you would like to know something of some experimental 
work that has been under way in our laboratory under the direction of Dr W G 
Bigelow for the last jear and a half The work will be presented by Dr Bigelow in 
the near future, and will be published in one of the scientific journals, so I do not want 
to unduly steal his fire 

How'ever, he has been good enough to loan me a few slides which shoiv verj' nicely 
the relationship that exists between oxygen consumption and temperature 

(Slide) This slide shows graphically the relationship that exists betw'een the oxj'gen 
consumption, as shown on the left-hand side of the graph, and cooling and rewarming, 
the one line being the cooling and the other the rewarming There isn’t any doubt 
about the fact that this oxygen consumption does fall in definite relation to the fall in 
temperature The temperature you see in centigrade at the bottom 
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(Slide) This is a composite graph of all dogs during the process of cooling You 
will sec that it follow's a fairly definite pattern 

(Slide) This is a graph of the dogs again in the process of rew'arming 
(Slide) One of the factors that has introduced variables in w'ork in the past is 
shivering This slide shows the increased ovj'gen consumption that occurs in the first 
place to a slight shivering, and in the second to marked shivering It is only one 
of the factors that may enter into and spoil the results of these experiments, which 
otherwise follow' a very careful pattern 

Dr Bigelow, of course, is interested in the application of these findings to the 
type of surgery that Dr Potts has been talking about, it is also applicable to studies 
on survival 

Dr Willis J Potts, Chicago Because of rather poor timing, I had to hurrj 
over our mortality statistics What I aimed to emphasize w'as that operative mortahtj 
depends upon a number of factors choice of patients, age and coincidence, or more 
frankly, on runs of good or bad luck During the terrible month of February 1948, 
our mortality was 50 per cent During the past five months, there has been no mortahU 
in a continuous series of 41 patients in the surgery of pulmonary stenosis Operatne 
mortality follows a surgeon like a shadow' 

Assuming that no patient who has any chance of being relieved of cyanosis is 
refused operation, the mortality in all patients from infancy up to 16 years of age 
in whom a shunting operation is possible should be 10 per cent or less m a reasonablj 
large series In children between 3 and 16 years of age the mortality should be 5 
per cent or below' In children below 3 years of age, the material is poor, the risk is 
great and the mortality w'lll be high 

The most commonly asked question is this “How large should the anastomotic 
channel between the aorta and the pulmonary artery be made^” A certain answer is 
still impossible We now routinely make the incisions m the aorta and pulmonan 
artery, measured w'lth a caliper ‘Ho of an inch (6 3 mm ) long These provide a final 
opening after suture approximately 4 mm in diameter Originally we made the incisions 
Ho of an inch (8 mm ) long, but since the smaller incisions give just as good results, 
of course, for protection of the heart muscle, w'e use the smaller incisions 
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FROM THE DEPARTMENT OF SURGERT UNIVERSITY OF MINNESOTA MINNEAPOLIS MINN 

Considerable impetus has been lent to vascular surgery in lecent yeais 
thiough Its successful application to an increasing number and variety of 
clinical pioblems In particular, corrective procedures, as well as those de- 
signed to meliorate incapacitating congenital cardiac anomalies have both 
kindled anew an inteiest in this field The ciedit for these imaginative and 
piovocative accomplishments is shared by Gioss,^ Blalock,^ Crafoord,^ and 
Potts ^ Each has indicated a personal prefeience for a particular type of 
vascular anastomosis Most of these variants on methods of suturing blood 
vessels were evolved before the tui n of the last century 

In 1889 Jassmowsky^ reported his series of successful end-to-end anas- 
tomoses of carotid arteries of sheep, his fine silk sutures were interrupted, 
were placed one millimeter apart and pierced only the media and adventitia 
In 1896 Jaboulay and Brian” reported their results on end-to-end blood vessel 
suture employing an everting continuous mattress stitch which permitted 
intima to intima approximation Then early work on dog carotid arteries 
had numerous failuies, but the same technic met with greater success on 
donkey cai otid arteries , thus, early in the development of the field of vascular 
anastomoses the size of the vessel became lecognized as an important factor 
determining a satisfactory end result In 1897 Silverberg’^ published the 
results of his studies His anastomoses included all layers of the vessel With- 
out eveision the cut ends were united, using a continuous over and over 
stitch The results were comparable to those of Jassmowskjg and Jaboulay 
and Bi lau It is evident that the basic methods employed currently in per- 
forming vascular anastomoses were developed and tested in the experimental 
animal before 1900 Othei technics of Murphy,” Payr,” and Lespinasse"*^” 
have, for the most part, been abandoned and are now mainly of historical inter- 
est Cairel and Guthrie made several important contributions, particularly 
their method of tii angulation, which facilitated blood vessel anastomoses 
Ciafoord is reported to use a modification of methods first described by 
Silveiberg and Jassinowsky, in vhich a continuous over-and-over silk stitch 
Dositioned to avoid pieicing the intima, joins the vessels end to end Gross, 

* Work supported bv grants from the Graduate School of the University of Minne- 
sota and the Robert Ferguson Surgical Research Fund Read before the American 
Surgical Association, St Louis, AIo , April 20, 1949 

t Senior Research Fellow, U S Public Health Senice 
^ Associate Professor of Surgery, Unuersity of Washington, Seattle 
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Blalock, Shumacher,^^ and others, favor the everting continuous silk mattress 
stitch apposing in tuna to intima, the suture technic identified with Jaboulay 
and Brian Crafoord believes his method affords greater tensile strength at 
the suture line and permits an additional few millimeters wider resection on 


Table I — Materials and Methods of Suturing Used 



6-0 Silk 

S-0 Chromic 

S-0 Plain 

Continuous everting (mattress tvpe) 

27 

3 

3 


anastomoses 

anastomoses 

anastomoses 

Continuous non-everting 




1 Through all layers 

30 

10 

3 

2 Through all layers 

8 



(Excess intralummal silk) 

3 Through media and adventitia only 

4 




Table II — Aortic Anastomosis Everting 6-0 Silk 


P O Day Leaking 


Dog 

No 

Sacri- 

ficed 

Pressure in 
mm ofHg 

Gross Findings 

3SE 

1 

210 

Thrombus extending proximately and distally from suture line Size of thrombus 
S mm X S mm x SO mm 

SI 

2 

305 

Thrombus 4 mm x S mm x 60 mm extends distally and proximally 

3 IE 

3 

340 

No thrombus 

29E 

S 

240 

Very small flecks of fibnn along suture line 

44 

6 

27S 

Large thrombus S mm x 4 mm x SO mm 

28E 

6 

Died of 
hemorrhage 

Chest filled with blood clots 2 mm hole on back side suture pulled through 

30E 

7 

Died of 
hemorrhage 

Chest contain blood clots suture pulled through hole in aorta 

25E 

7 

460 

No thrombus 

47 

7 

Died of 
hemorrhage 

Suture apparently pulled through on both sides 

36 

7 

270 

Chest wound infected Small thrombus 2 mm in diameter 

42 

8 

360 

No thrombus 

24E 

9 

3S8 

Small thrombus just at anastomotic line 

22E 

10 

Not tested 

No thrombus Dog died of prolapse of recto sigmoid 

S6E 

11 

360 

No thrombus 

27E 

11 

390 

No thrombus 

26E 

13 

370 

Small amount of thrombotic deposits along suture line 

12B 

14 

190 

No thrombus 

34E 

14 

760 + 

No thrombus 

23E 

20 

S20 

Small thrombus 3 mm x 3 mm x S mm 

49 

20 

280 

No thrombus 

32E 

21 

3S2 

Thrombus 4 mm x 5 mm x 30 mm attached at suture line 

21E 

34 

S20 

No thrombus 

33E 

46 

510 

No thrombus sutures pulling out small pits where sutures pulled out 

No thrombus wall of vessel at anastomosis show pits where sutures have pull 
through 

S2E 

S4 

450 

S2 

180 

Not tested 

No thrombus suture pulling out pits in intima 

S2 (Reop) 180 

600 + 

No thrombus sutures pulling out pits m intima 

SO 

180 

600 + 

No thrombus sutures pulling out leaving small pits in intima 


each side of the coarcted segment, but concedes that these benefits are asso- 
ciated vith the development in some cases of a dissecting aneurysm GrOiS 
and others, on the other hand, are convinced that the everting stitch minimizes 
the complications of both early hemorrhage and late aneur)'sm formation 
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Potts’ use of the non-everting suture method stems somewhat from the local 
anatomic technical considerations posed by his clamp 

THE PROBLEM 

In view of the conflicting opinions regarding the merits of the different 
methods of suturing the thoracic aorta after resecting areas of coarctation, this 
study was undertaken in an effort to shed some light on the experimental 
features of this problem 

Available information, and generalizations from it, on blood vessel anas- 
tomoses of the carotid artery, femoral artery and abdominal aorta appear to be 
inapplicable to the thoracic aorta where the combination of blood vessel size, 
stresses on the vessel wall, and the turbulence of blood flow through the arch 



End-on coaptation with suture throuqh all laqers 




End-on coaptation with suture avoiding intima 



Eversion with mattress suture 


Fig I — Methods of suturing the thoracic aorta 


IS unique For this reason these experiments were conducted on the thoracic 
aorta The animals used weie dogs and these were observed up to one year 
following surgery Physiologic and pathologic studies were carried out in an 
attempt to evaluate the relative merits of the various technics 

experimental technic 

Eighty-five mongrel dogs, ranging from 5 to 15 Kg in weight, were 
studied Sodium_, pentobarbital was administered intravenously for general anes- 
thesia, 30 mg per Kg being given initially An intra-tracheal tube was 
inserted and a pneumatic cuff inflated Respirations were maintained with 
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intermittent positive piessure while pure oxygen was delivered from a 
tank into a closed circuit Aftei pieliininary suigical skin prepaiation, the 
left chest was entered tlnough the fifth intei costal space Satlsfactor^ ex- 
posure of the upper thoracic aorta was uniformly obtained without rib resec- 
tion With the left lung partially collapsed the paiietal pleura over the 
aorta was dissected free and pieserved No attempt was made to clear all the 
adventitia from the aoita as is conventionally done wnth smallei artery anas- 
tomoses Care was taken to avoid damage to the thoracic duct In about one- 
third of the animals the first pair of intercostal vessels was doubh ligated 


Tablc III — End-on Coaptation with 6-0 Stik Sntuics Tlnough All Ljivcis 
P O Day Leaking 


Dog 

No 

Sacn 

ficed 

- Pressure in 
mm ofHg 

Gross Findings 

42A 

1 

310 

Almost complete occlusion of aorta with a clot starting at suture line Do? 
paralyzed m hindquarters 

36A 

3 

450 

No thrombus 

56A 

3 

400 

Large thrombus 8 mm x 20 mm from suture line 

45 

3 

490 

Small fibrin thrombus at suture line 5 mm x 2 mm x 2 mm 

7A 

3 

550 

Very small thrombus 

49A 

4 

460 

Ver> small amount of fibrin in suture line 

4A 

5 

355 

No thrombus 

SA 

6 

460 

No thrombus 

2A 

6 

410 

No thrombus 

lA 

7 

400 

No thrombus 

37A 

8 

370 

Small fleck of fibrin and red cells at suture line 

48A 

9 

345 

Thrombus on posterior wall 5 mm x 3 mm x 20 mm 

39A 

9 

Not tested 

Empyema thrombus 4 mm x 4 mm x 15 mm from suture line 

S3 

10 

440 

No thrombus 

5SA 

11 

460 

No thrombus 

9\ 

13 

Hemorrhage 

Hemorrhage through anastomotic line one stitch seems to have missed catcliin? 
all la> ers 

12A 

14 

310 

Thrombus present 5 mm \ 5 mm x 1 5 mm from suture line 

38A 

14 

420 

No thrombus 

6A 

14 

330 

No thrombus 

26A 

17 

490 

No thrombus 

8A 

18 

760 -i- 

No thrombus 

13A 

20 

740 

No thrombus 

80 \ 

21 

No leak at 600 

Thrombus 4 mm x 3 mm x 3 mm from suture line 

llA 

55 

690 

No thrombus 

79A 

60 

600 -p 

No thrombus 

34 

72 

No leak at 740 

No thrombus 

52 

180 

Not tested 

No thrombus 

52 (Reop) 

180 No leak at 760 No tlirombus 

lOA 

365 

Not tested 

No thrombi!'; 

3A 

365 

760 + 

2 mm \ 3 mm x 3 mm well organized and firmly adherent to \c ‘^cl 


and divided The distal aortic arch and the proximal thoracic aoi ta v ere freed 
and mobilized Speciallj modified intestinal clamps were applied across the 
aorta and the vessel divided In some animals a segment varying from one to 
two centimeters m length wms removed before doing the anastomosis, tins was 
largely from the group m wdnch intercostal vessels were divided Suturing 
was usuall) started from the posterior portion of the \essel and was contmned 
around anteriorh 
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Eight senes of experiments were conducted Three diffeient types of 
suture materials were employed 6-o braided silk,-^ 5-0 medium chromic 
catgut, t and 5-0 plain catgut f All materials were swaged onto three-eighths 
curved fine, atraumatic, Kalt needles Three dififeient methods of suturing 
were employed, these aie illustiated m Figuie i Table I indicates the num- 
ber of dogs handled in the varying manners 

Senes I consisted of 26 dogs$ m which the severed ends of the aorta were 
joined with a continuous everting mattress stitch of 6-0 braided silk Sutures 
were placed one and a half millimeters from the vessel edge and one and a 
half millimeters between the return loops of the mattress suture All of these 
wei e anchored by ligation at the midpoint 

Senes II consisted of 29$ dogs in which the severed ends of the aorta were 
anastomosed with a continuous, non-everting, over-and-over stitch of 6-0 
braided silk which passed through all layers of the aorta-intima, media and 
adventitia These sutures were placed one to one and a half millimeters from 
the cut edge and were one millimeter apart In most instances a single strand 
was employed to sew the entire vessel while m a few the suture was anchored 
by ligation at the midpoint 

Senes III consisted of eight dogs, in which a continuous non-eveiting 
anastomosis was done, employing 6-0 braided silk The suture material passed 
through all layers of the aorta, but stitches were placed approximately two 
and one-half millimeters from the cut edge By such means excessive amounts 
of silk were deliberately exposed in the lumen The distance between sutures 
was the same as in Series II 

Senes IV consisted of four dogs, m which a continuous non-everting 
anastomosis was performed, employing 6-0 braided silk Here the suture 
material passed through only the media and adventitia and the point of en- 
trance of the suture into the vessel wall was two and one-half millimeters from 
the vessel’s cut edge 

Senes V and VI consisted of 3 and 10 dogs respectively 5-0 medium 
chromic catgut was employed Stitching was done the same as in Series I and 
II respectively 

Series VII and VIII consisted of three dogs each In these experiments 
5-0 plain catgut was used and again stitching was done in the same manner 
as in Senes I and II respectively 

Following the completion of the anastomosis the clamps were removed 
lapidl}’’, first the distal and then the proximal clamp Theie was uniformly an 
acceleiation of the heart rate upon the rapid removal of the clamps, but no 
other ill effects were noted Bleeding from the operative sutuie line was 
infrequent regardless of the method used In an occasional instance after re- 
moval of the clamps, blood pumped out through the suture line Cessation 


* erage tensile strength found to be 410 Gm 

"1 A^ erage tensile strength found to be 560 Gm This and the aboie were supplied 
through the courtesj of Johnson and Johnson, New Brunswick, N J 
$ One annual was operated upon more than once 
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Fig 2 — ^Apparatus for measuring intraluminal pressure m situ 
Fig 3 — Reproduction of kj mographic tracing Maximal pressure 
of 350 mm of Hg was obtained 

Fig 4 — Apparatus for measuring maximal intraluminal pressure 
tolerated bj the aorta 
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of this hemorrhage occurred regularly after mild pressure was patiently 
maintained over the bleeding point with a finger and moist gauze for three 
to five minutes The anastomotic site was in all instances carefully pleura- 
lized Pericostal sutures were placed, the lungs fully expanded, and the chest 
wall muscles then closed m layers Postoperatively the dogs recovered m their 
cages, soon resumed full activity, and ate regular kennel diet In no instance 
were anticoagulants administered pre- or postoperatively 

Complications as a direct result of surgery included empyema, paralysis 
of the hind legs, and hemorrhage at the anastomosis Early in the experiments 
a suppurative pleuritis occurred m about one-third of the animals The subse- 
quent routine instillation of 50,000 units of penicillin into the pleural space 
eliminated this complication Paralysis, transient or permanent, of the lower 


Table IV — End-on Coaptation with 6-0 Silk Suture Avoiding Intima 

Dog 

No 

P 0 Day Leakmg 
Sacri- Pressure in 
ficed mm of Hg 

Gross Findings 

SOA 

78A 

51A 

3 270 

6 310 

14 450 + 

Very small thrombi started from intimal edge 2 mm x 3 mm x 16 mm 

No thrombus 

Died of distemper No thrombus 


S3A SO No leak at 450 No thrombus 


Table V — End-on Coaptation with Excess Silk tn Lumen 


P O Day Leaking 


Dog 

Sacri- 

Pressure in 


No 

ficed 

mm ofHg 

Gross Findings 

45A 

6 hrs 240 

Cause of death indeterminate Small fibrinous deposits around sutures 

49A 

4 

460 

Small thrombus 2 mm x 3 mm along sutures 

47A 

6 

320 

Small thrombotic deposits along sutures 

48A 

9 

345 

Large thrombus fills lumen of vessel 

43A 

13 No leak at 680 Empyema Only small thrombi around sutures 

46A 

17 

380 

No thrombus 

44A 

21 

420 

Small thrombus 2 mm x 3 mm x 3 mm 

54A 

30 No leak at 450 No thrombus 


limbs, along with bladder and rectal sphincter dysfunction, occurred, espe- 
cially in older dogs, when the aorta was clamped for longer than 25 minutes 
With an increasing experience most anastomoses were accomplished in about 
15 to 18 minutes The animals which died on the table from immediate intra- 
thoracic hemorrhage have been omitted from this series , such hemorrhages 
were primarily the result of faulty operative technic, and occurred in the earlier 
phases of the problem Delayed hemorrhages will be discussed, below 

The tensile strength of the healing or healed aorta was assayed at intervals 
ranging from one day to one 3’^ear At the onset a number of anastomoses were 
tested in situ (Figure 2 ) At such times the dogs were anesthetized with 
sodium pentobarbital , an intra-tracheal airw ay was inserted , respirations were 

369 




SAKO, CHISHOLM, MERINDINO AND VARCO AnnaU of sutsery 

maintained with intermittent positive pressure , the carotid artery was cannit- 
lated for recording arterial pressures with a mercury manometer, and the left 
chest was opened without sterile technic The anastomotic site was obser\e(l 
A basal blood pressure reading was obtained The aorta was cross clamped 
distal to the anastomosis and blood piessuie tiacmgs secured Subsequent!}, 
I cc of I to 1000 epinephrine was injected into the left auricular appendage 
and repeated blood pressure tracings were recorded (Figure 3) Arterial blood 
pressures as high as 350 mm of mercury were obtained in this manner and in 
only one instance"^ did bleeding from tbe suture line follow such an examination 

Finally the distal aortic arch and thoracic aorta were excised together, one 
end of the aorta was cannulated, and the other clamped (Figuie 4), and 'with 
the specimen under water the sutured ends gradually distended wnth com- 
pressed air until the first leak was noted This value was measured w'lth a 
mercury manometer The vessels were then opened and photographs taken 
The character of the intraluminal surface of the anastomosis was noted, witli 
special attention diiected to the presence or absence of thrombi Appro- 
priate sections for microscopic examination were fixed in 10 per cent formalin 
These \veie stained with hematoxylin and eosin and van Gieson’s stain 

EXPERIMENTS 

Tables II to IX summarize the lesults of 88 satisfactory protocols in the 
eight series of experiments This is graphically represented in Figures 5 fo ^ 
Detailed consideration is given below to (i) the intraluminal pressures 
tolerated by sutured vessels, (2) the incidence of thrombus formation, (3) 
hemorrhage, (4) the fate of the suture line, (5) the gross pathology, and 
(6) the microscopic pathology 

1 Inti alunnnal piessuies toleiated by sufuied vessels When 6-0 braided 
silk and 5-0 medium chromic catgut were employed as the suture material, 
irrespective of the stitching technic, all sutured vessels withstood intraluminal 
pressures in excess of physiological needs When 5-0 plain catgut was em- 
ployed, on the other hand, wnth an everting mattress stitch dehiscence w'as 
inclined to occur within the first week after the anastomosis w^as performed 

The endpoint in testing for leakage wms that level of air pressure, meas- 
ured m millimeters of mercur}% at which juxta-anastomotic bubbles or sub- 
adventitial blebs of air w^ere visible Although in some instances it w'as 
difficult to determine from wdience the leak occurred, in most tests air 
appeared to emerge from the point of penetration of a suture. In no instance 
was leakage noted along the apposed tissue margin of the cut ends of the 
anastomosed area, nor did enormous or total dehiscence occur under the con- 
ditions of this examination 

2 The incidence of thiomhus joi motion In reporting the presence or 
absence of thrombi complete objectivity was adhered to regardless of an} 
in\ estigator’s impression as to its potential clinical significance The slightest 
e^ iclence of thrombus formation, be it only a one-inillimeter-in-diametcr 

* This occurred at 270 mm of mercurj on the seventh postoperative dav 
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Fig 6 

Fig 5 — E\ersion type mattres's suture with 6-o silk Numbers represent 
postoperative days Each bar represents one anastomosis and pressure withstood 
Shaded area represents occurrence and estimate of size of thrombus Broken bar 
1 epresents maximal pressure not determined Diagonally lined bars represent hemor- 
rhage Dotted line bars indicate specimen not tested 

Fig 6 — ^Continuous end-on coaptation suture through all lajers with 6-o 
silk Numbers represent postoperatn e days Eacn bar represents one anastomosis 
and pressure withstood Shaded area represents occurrence and estimate of size of 
thrombus Broken bar represents maximal pressure not determined Diagonally 
lined bars represent hemorrhage Dotted line bars indicate specimen not tested 
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Fig 7 

Excess silk in lumen Minimal silk in lumen 



NON-EVEHSION EVE31SI0N N0( -EVER^IO'i EVESSIO*! 

Mediun- chrocic Vedlua chromic Plain Plain 



Fig 8 

Fig 7 — End-on coaptation with 6-o silk suture avoiding intima and with 
excess silk in the lumen Numbers indicate postoperatii e days Each bar repre- 
sents one anastomosis and pressure withstood Shaded area represents occurrence 
and estimate of size of thrombus Broken bar indicates maximal pressure not 
determined 

Fig 8 — Anastomosis wnth 5-0 medium chromic catgut and 5-0 plain catgut 
Numbers represent postoperatne dajs liach bar represents one anastomosis ana 
pressure withstood Shaded areas represent occurrence and estimate of size ol 
thrombus Diagonally lined bar represents hemorrhage 
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accumulation of fibrin beneath or close to a suture, was tabulated positively 
(Figure 9) It IS of interest to note that m only two instances were thrombi 
large enough to fill an entire vessel lumen 

In 30 non-evertmg, end-on anastomoses made with 6-o braided silk taken 
through all layers of the vessel wall at one millimeter distance from the cut 

Fig 9 



Fig 9 a 

Fig 9 —End-on coaptation through all layers with silk Two weeks 
Fig 9A —Photomicrograph of specimen shown in Fig 9 x 30 


ends, there were four minute thrombi consisting of a mere fleck of fibrin, 
SIX instances of small to medium sized thrombi, and a large sized one in 
which the vessel lumen was occluded In 26 everting anastomoses made with 
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6-0 bi aided silk there were seven specimens with small to medium sized 
thromhi and an additional three displaying only tiny fihrin flecks In the 
eight dogs with non-everting end-on anastomoses, and with the silk placed two 
and a half millimeters from the cut edges to expose more silk in the lumen, 
there was one specimen with a medium sized thrombus (Figure 15) and three 
others which had minimal thrombotic deposits Little or no silk was exposed 
in the lumen of four dogs in which stitches were taken thi ough only the media 
and adventitia , only one of these four animals exhibited a tiny fleck of fibrin 
In the ten non-everting end-on anastomoses, made ivith 5-0 medium 
chromic catgut, there was one specimen with a medium sized thrombus and 
one with an enormous thrombus completely occluding the lumen In no 
other experiment was theie thiombus formation 


Table VI — End-on Coaptation with 5-0 Medium Cluomic Catgut TJitough All Lavers 


P O Day Leaking 


Dog 

No 

Sacri- 

ficed 

Pressure in 
mm ofHg 

Gross Findings 

21A 

1 

340 

Small thrombus consisting of fibrin strands along one part of suture line 

52 

3 

310 

Thrombus 2 cm long completely filled lumen of vessel 

20A 

3 

358 

No thrombus 

19A 

5 

230 

No thrombus 

lOA 

7 

290 

No thrombus 

17A 

7 

320 

No thrombus 

I6A 

9 

190 

No thrombus 

18A 

11 

290 

No thrombus 

ISA 

75 

No leak at 500 

No thrombus 

i4A 

240 

No leak at 500 

No thrombus 



Table VII — End-on Coaptation with 5-0 Plain Catgut Through All Lavers 

Dog 

P O Da> Leaking 
Sacri Pressure in 
ficed mm of Hg 

Gro=s Findings 


7 340 

No thrombus 

SQ 

10 310 

No thrombus 

iB 

30 No leak at 450 

No thrombus 


Thrombi forming during the first eight postoperative days, whether small, 
medium, or large, were soft and fnable Thrombi m animals siirvumg for 
longer periods of time were progressively firmer, and less easily dislocated 
The thrombus shown in Figure ii was discovered one year following tiie anas- 
tomosis, measured lo x 5 x 3 mm and had become an integral part 0 
the vessel wall In three instances unusual thrombi extended not onh 
distally from the anastomotic line, but also several centimeters proximallj into 
the siibclaMan artery 

No dog at ail} time displajed evidence of embolization clmicall) or at 
autopsi 


374 









SAKO, CHISHOLM^ MERINDINO AND VARCO Annais of sur«rj 

Scptomher 18 4 9 

3 H emoi ; hage Very little difficulty was encountered with acute blood loss 
at the time of surgery after some technical familiarity was acquired When 
fatal hemorrhage occurred on the table (and it did in our early experience) 
these protocols have been omitted from this report Rarety, a small leak 
resulted from a single untightened oi misplaced stitch that failed to seal after 
five minutes of gentle pressure In such instances the error was readily 
corrected by an additional interrupted suture Even when stitches were 
properly placed an occasional spurt of blood emerged at the site of penetra- 
tion of the needle, such bleeding consistently stopped in a few minutes with 
gentle digital pressure Immediate hemorrhage did not appear in any way to 
be related to the type of suture material or the stitching technic 




Table VIII — Eversion with 5-0 Medium Chromic Catgut 

Dog 

P 0 Day leaking 
Sacn- pressure m 


No 

ficed 

mm ofHg 

Gross Findings 

67E 

2 

Died of 
hemorrhage 

No thrombus 

19A 

S 

230 

No thrombus 

S7E 

8 

Died of 
hemorrhage 

Gross dehiscence 


Table IX — Eveiston mth 5-0 Plain Catgut 


P O Day Leaking 
Dog Sacn- Pressure in , 

No ficed mm of Hg Gross Findings 

64E 3 Hemorrhage Gross dehiscence 

66E ' 4 Hemorrhage Gross dehiscence 

6SE 8 220 No thrombus 


For the most part delayed hemorrhage presented no serious problem 
One instance of hemorrhage was encountered in a non-everting end-on anas- 
tomosis using silk This animal died on the 13th postoperative day and 
examination of the specimen showed that at least one loop of the suture was 
improperly placed In silk anastomoses performed with an everting stitch 
three fatal hemorrhages occurred — one on the sixth and two on the seventh 
postoperative days In all three instances a loop of silk was noted to have 
pulled through the vessel, resulting in a focal dehiscence with hemorrhage 
With 5-0 chromic and 5-0 plain catgut sutures employing a non-evertmg 
end-on stitch no hemorrhage occurred With an everting technic, on the con- 
trary, fatal bleeding episodes ivere noted Of three dogs sewed with 5"° 
chromic catgut one bled on the eighth postoperative day , of three dogs sutured 
with 5-0 plain catgut one exsanguinated on the third and another on the 
fourth postoperative days In the first instance one loop of matti ess stitching 
pulled through and in the last two the suture material gave way and the 
vessels pulled apart completely 
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Fig 13 

IG 12 — Eversion with mattress type silk suture Two weeks Fig 12A — Photomicrograph of specimen shown in Fig 12 

'iG 13 — Eversion with mattress type silk suture Eight weeks Fig 13A — Photomicrograph of specimen s own meg 3 
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4 The fate of the siituie mate) ml In every vessel, sewed end-on with 
silk and without eversion, the sutuie material lemamed intact, up to periods 
of one year (Figure ii) In several vessels united by silk and with 
eversion, individual loops of the sutuie were noted to have pulled, through 
(Figures 13, 14) — a process that appears to continue thioughout the late 
weeks and months of recoveiy as the eversion straightens out and the 
vascular fibers lealign In all instances in which the animals survived, the 
silk had become covered, by a thin layer of endothelial cells as eaily as 10 to 
16 days postoperatively Of the 12 animals anastomosed with medium 
chromic catgut the suture mateiial lemamed grossly visible up to 30 days, but 
none was recognizable after two months 

5 The gioss pathology When C3dinders of the aorta, including the 
aiea of the anastomosis, weie lemoved the site of sutuiing was usually sui- 
rounded by heaped up adventitia Once this was caiefully ti mimed away a 



4 
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Fig 14 — Specimen showing two lateral anastomoses made with end-on coapta- 
tion suture through all layers , central anastomosis made with everting mattress 
type suture Six months 

slight stenosis was observed. Anastomoses which were performed a year 
previously on small puppies displayed a retarded growth compared witli the 
adjacent vessel In no experiments, however, had the outside diameter be- 
come lessened with the passage of time There was little difference m the 
external appearance of specimens sutured several months earlier by various 
methods and with different materials 

After opening the cylinders longitudinally the specimens were pinned on 
a board to facilitate careful scrutiny Vessels anastomosed vith non- 
everting end-on silk sutures, taken through all layers, umfonnly displayed a 
smooth intimal apposition (Figures 16, 17) When the intima was omittc 
from the suture a rvider slit occurred between apposing intimal margins 
Vessels anastomosed with a continuous everting silk mattress suture con 
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sistentl}'^ displayed a more irregnlai apposition and a ftiiiow occurred at the 
everted interface (Figure 12) With the passage of time postoperatu^ely, the 
prominence of this sinuate track became less noticeable, but small pits legulaily 
developed where mattress stitches had pulled thiough (Figures 13, 14) The 
smoothest endothelial surfaces were observed where non-everting catgut 
butures were employed 

6 The vncroscoptc pathology Reference to Figures 12A and 13A best 
demonstrate how the fibers of the media bend outwaids 111 the eaily stages of 
repair where everting stitches were employed After several months of healing 
these fibeis gradually become lealigned paiallel with the long axis of the 
aorta Dining such inteivals of time the intervening cleft is filled with 
fibrin and proliferating intimal cells Anastomoses perfoimed with non- 



Fig 14A — Photomicrograph of middle anastomosis shown in Fig 14 

X 30 


eveiting end-on stitching, on the othei hand, aie anatomically aligned at once 
(Figure loA), with final healing occurring eailier than after suturing -with 
eversion In all types of stitching the sutures become rapidly mesothehahzed, 
and in a veiy few^ days these cells (Figures 9A and 12A) migrate across the 
fibrin base Chromic catgut sutures are demonstrable in microscopic sections 
up to 60 days, but become largely fragmented, absorbed, and replaced wuth 
fibrous scar tissue soon thereafter 

DISCUSSION 

This study suggests that m dogs the divided thoracic aoita, when united 
either with a continuous non-eveiting end-on whipping stitch or wuth an 
everting continuous mattress stitch, emplo)ing 6-0 braided silk, is con- 
sistently strong enough to withstand moie than the physiological needs of the 

379 



SAKO, CHISHOLM, MERINDINO AND VARCO Annals of Surgery 

September 10 4'. 

animal As the severed aorta heals, the everting mattress stitch tends to pul] 
through the vessel wall, the eversion tends to flatten out, and in this manner 
the longitudinal fibers realign Should the mattress loop of the suture pull 
through during the first seven days, fatal hemorrhages may occur If the sutures 
pull through later, the healing has usually progressed far enough so that no 
hemorrhage ensues, when, however, the suture has pulled through at a late 
stage foveolae or crypto-aneurysms are formed which result in an intraluminal 
irregularity of the endothelial lining As each anastomotic line was de- 
veloped, a snug but m nowise strangulating tension was maintained on the 
laid sutures 

The presence of intraluminal or subendothelial loops which have cut 
through, as well as impel fections of the aortic wall, may he related to other 
factors All anastomoses derive strength by the acceptance at numerous points 
of a fraction of the total strain This distribution of tension may be less 
equitable with the everting type than with the non-everting end-on whipping 
stitch including all layers In the former, focal areas might be compelled 
to accept a disproportionate share of the disrupting force Another possi- 
bility stems from the shearing action generated by each cardiac thrust which 
would ultimately saw through the segment of aoitic wall captured by a 
particular loop of mattress suture Support for these theoretical considera- 
tions IS provided by a special experiment designed to explore this problem 
further 

In this dog an everting type mattress suture anastomosis was made after 
tran&ection of the aorta Six months later this anastomosis was resected* 
removing i cm of aorta on each side of the anastomotic line An end- 
on anastomosis without eversion was made with an over-and-over whipping 
stitch of 6-0 silk through all layers Two weeks following this the dog vas 
reoperated upon, the aorta divided distal to the anastomosis, and a fresh 
homo-graft lo mm longer than the resected segment was inserted to 
bridge this defect The proximal anastomosis on the graft was effected with 
a 6-0 silk everting type of mattress sutuie and the distal anastomosis made 
with a 6-0 silk over-and-over whipping stitch including all layers Si\ 
months later the entire aorta was removed and examined As noted in Figure 
14 the outside anastomoses are of the end-on whipping stitch variety, and the 
middle suture line is of the everting type There appears to be more evidence 
of dislocation in the latter (free loops and pitted walls) than m either of the 
other anastomoses, despite the fact that the proximal one was under consid- 
erably more tension At the time it was made, a 2 centimeter segment had 
just been excised whereas a 3 centimeter graft had just been added upon the 
occasion 'of the last procedure 

That everting sutures suffer more from tension on the line of anastomoses 
was also demonstrated by a short series of experiments in which either a 
chromic or a plain catgut suture was employed The high incidence of futu 

* This anastomosis demonstrated free loops where the mattress stitching had pulled 
through 
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hemorrhages m the catgut everted series (thiee out of six) compared vitli 
the end-on non-evertmg senes (none), suggests that there are greater tension 
effects on the suture hne with eversion These experiments are, in a sen^e, 
peak load tests of healing capacity But, since the usually encountered 
hyperpiesia is considerably below the pressuie required to disrupt an e\ert- 
ing type of anastomosis, any bioad claims for superiority of the end-on 
whipping type stitch appear rathei academic 

As far as thromboses are concerned these experiments corroborate the 
results of other workers any irregularity in or on the vessel wall promote; 
thrombus formation In our expeiience, this does not appear to be simpK 
a question of the presence or absence of non-absorbable suture material 
Smith'^ has shown that if a fine silk suture is threaded transversely through 
an arterjq tiny clots form in the centei of the turbulent stream These grou 
until the vessel becomes occluded When a stitch is placed parallel with the 
longitudinal axis of the vessel, the foreign body hugs the intima, turbulence n 
minimal and few thrombi form Examination of the sDecimens from thn 
senes of experiments suggests that the irregularities at the anastomotic line 
are probabl}'^ as important in thrombus formation as the suture material used 
The incidence of thrombus formation along the anastomotic site in these 
experiments was nearly the same ivhethei suturing was done with an eiertmg 
or a non-evertmg stitch Thrombus formation wms infrequent wdien end-on 
stitching w'as carried out to include adventitia and media, but omitting 
the intima 

Catgut anastomoses have uniformly produced the smoothest end result'- 
wdien a non-everting end-on stitching was earned out Yet, because of loner 
pressures at w Inch leaking occiii red in the early days of healing, catgut anas- 
tomoses offei a reduced margin of safety 


CONCLUSIONS 

1 The severed thoiacic aorta of the dog, united with 6-o braided siH 
using an end-on wdnpping stitch or an everting mattress type of suture, Ins 
tensile strength in excess of the animal’s physiologic needs 

2 When the eversion type of mattress sutures pulls through the lesse 
wall, iriegularities develop on the endothelial surfaces and sometimes m ' 
structure of the vessel wmll 

3 A continuous 6-o braided silk placed with a non-evertmg cm eu 
coaptation stitch remains intact in vessels observed up to one }ear po 
operatively'’ 

4 There appears to be an equal incidence of tlirombus 
anastomoses made with over and over wdiipping stitch with 6-o silk ' 
e\ersion and m anastomoses made with 6-o silk of the eiertmg mattre-iS 

5 Intraluminal silk plays a small role in thrombus formation a 
anastomotic line 

6 Theie was no instance m wdnch the anastomosis became narrow 
at the time of surgery In anastomoses done on puppies, ne\ erthe e;- 
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noted that growth at the site of suturing does not keep abieast of the giowth 
of the adjacent aorta 
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THE SURGICAL RELIEF OF CONGESTION IN THE PULMONARY 
CIRCULATION IN CASES OF SEVERE MITRAL STENOSIS* 

PRELIMINAET REPORT OF SIX CASES TREATED BY MEANS OF ANASTOMOSIS 
BETWEEN THE PULMONARY AND SYSTEMIC VENOUS SYSTEMS 

Richard H Sweet, M D 

AND 

Edward F Bland, M D 
Boston, Mass 

It is estimated that approximately ten per cent of patients with rheumatic 
disease of the mitral valve ultimately develop a preponderant degree of stenosis 
Although such patients may not, at least for many years, experience an) 
striking symptoms or suffer any great limitation of their activities, there are 
some who develop a syndrome which is characterized by the occurrence of 
attacks of pulmonary edema These attacks are precipitated by the physiologic 
changes which occur during menstruation or pregnancy, intercurrent infections, 
fever, or tachycardia induced by emotional disturbances or marked increases in 
physical exertion But for many years the heart itself may remain relatively 
normal save for slight enlargement 

The explanation for the phenomenon depends upon the concurrence of 
two factors The first is that as a result of the long-standing mitral stenosis, a 
continuous increase in the pressure within the pulmonary circulation develops 
With this increased pressure the characteristic congested condition of the lungs 
becomes established The second factor is that the right ventricle ultimately 
becomes hypertrophied in response to the increased pressure in the pulmonary 
circuit The result of this is that under conditions of stress the strong right 
ventricle forces blood into the lungs so as to increase greatly the already 
elevated pressure within the pulmonary vessels This inevitably results under 
strain in the transudation of fluid and often of blood into the pulmonary ah eoh, 
producing the clinical picture of pulmonary edema After the stage of the 
disease is reached when attacks of pulmonary edema occur yvith frequency, 
the patient lives in jeopardy and is forced to adopt a program of very limited 
activity even though the heart muscle remains competent Such patients often 
die of pulmonary failure rather than from failure of the heart itself 

The first attempts to relieve the effects of tight mitral stenosis 
directed chiefly at the enlargement of the mitral opening Originally tins 
done by dilating the stenosed orifice with a finger inserted through a sma 
incision in the right ventricle Later an effort was made by Cutler^ and o 
to enlarge the opening by means of cutting instruments These early attemp^^ 
met yyuth failure, and the experiences of others since then have been for t 
most part equally unsuccessful Recently Harken” has modifi ed the 

* Read before the American Surgical Association, St Louis, Jfo , Apnl -O, 
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of valvulotomy and has had somewhat better results It must be kept in mind, 
however, that in addition to the rather considerable mortality risk of the 
procedure, the operation leaves the patient with an increase in the element of 
regurgitation which cannot be controlled The unfavorable effects of this 
factor upon the heart muscle may lead to a disappointing end result 

The interesting observation first reported by Lutembachei that patients 
with tight mitral stenosis who have a coexisting patent interauncular septal 
defect do not usually suffer from paroxysms of pulmonary edema, has led to 
the suggestion that such a defect might be created by surgical means Blalock 
has begun to approach the problem from this angle and has published the details 
of his technic as utilized in experimental animals ^ This operation of course 
involves the serious risk of manipulations within the heart itself 

A clue to the possibility that a different approach to the problem of reliev- 
ing the congestion within the pulmonary circulation may exi§t arises from 
the observation that m patients with tight mitral stenosis the bronchial veins 
become enormously dilated This increase in the collateral bronchial venous 
circulation tends to provide an outlet, limited in extent to be sure, from the 
congested pulmonary vessels This compensatory mechanism suggests that 
if a larger communication can be created between the pulmonary and the 
systemic venous systems, a more effective relief of sudden increments of pres- 
sure within the pulmonaiy circuit might be provided Such a shunt, in addition 
to being an improvement upon nature’s spontaneous efforts to create a collat- 
eral communication, would also have essentially the same effect upon the pres- 
sure m the congested area as that which results from the presence of an mter- 
auricular septal defect It would, in fact, be essentially equivalent to the 
creation of a septal defect, but would have the advantage that it is an opera- 
tion performed outside of the heart The risk of intracardiac manipulation 
would thereby be avoided 

OPERA.TION — ANASTOMOSIS BETWEEN THE SUPERIOR SEGMENT^BRANCH 
OF THE RIGHT INFERIOR PULMONARY VEIN AND THE AZYGOS VEIN 

Anatoimcal consider atwns Two veins exist which are ideally suited for 
the creation of a shunt from the pulmonary to the systemic circulation These 
aie the supeiior segment branch of the right inferior pulmonary vein and the 
azygos vein These veins he close together and have approximately the same 
diameter Furthermore, their direction is nearly enough parallel to make it 
easy to appioximate them end-to-end after division From the mechanical 
aspect also the release of piessure m the left auricle, -which might result from 
an anastomosis between the cardiac end of the pulmonary vein and the cardiac 
end of the severed azygos vein, would seem to produce the desired effect upon 
the congestion in the lungs (Fig i) 

The azygos vein arises o\ er the bodies of the upper lumbar vertebrae and 
enters the thoiax thiough the aortic hiatus in the diaphragm It passes along 
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the right side of the vertebral column to the level of the fourth thoracic \er- 
tebra where it arches forward over the right mam bronchus to enter the 
superior vena cava In its course it lies near the esophagus and next to the 
thoracic duct It is joined by the hemiazygos and accessory hemiazygos veins, 
the nght intercostal veins, the right highest intercostal vein, the esophageal,’ 
mediastinal, and pericardial veins, and the right bronchial vein Its diameter 
varies from 2 to 3 millimeters at its lower end to 6 or 7 millimeters or more 
at Its termination in the superior vena cava There are, of course, variations 
in size from one person to another The superior segment branch of the right 
inferior pulmonary vein arises m the superior segment of the right lower lobe 
behind the corresponding segmental bronchus During its short course before 
It joins the veins from the basal segments of the lower lobe to form the 



inferior pulmonary vein, it receives 
several small branches, some of 
which may enter it close to its term- 
ination Occasionally the superior 
segmental vein enters the left auricle 
independently of the inferior pul- 
monary vein as a separate trunk Its 
diameter varies from approximatelj' 
3 to 5 millimeters In patients with 
mitral stenosis this vein, in company 
with all the pulmonarj'- veins, is 
somewhat larger in diameter than 


Fig I — Pulmonary-azygos venous shunt normal and unusually turgid because 

Schematic diagram to show the mechanical r . i „ j fVio Ipfl 

effect of a shunt between the pulmonary and increased press 

the systemic venous circulations produced by auricle It is thin-walled, however, 
an anastomosis between the azygos vein and ^ uith 

the right inferior pulmonic vein Arrow corresponds in th s p 

shows that some of the blood in the inferior the azygos vein to which it is to be 

pulmonary vein is forced by the high pressure , 

m the pulmonary circuit to enter the azygos anastomosed 

vein through the shunt, thus relieving to Special Pi ecaiitwns To Be Ob- 

Because Of the danger of .n- 

ducing an attack of pulmonary con- 
gestion as a result of excitement, the patient is put to sleep in his room bi 
means of Pentothal injected intravenously He is then moved to the operating 
room and the inhalation anesthesia is begun while he is still asleep Ether mixed 
with oxygen is administered through an intratracheal tube During the progress 
of the operation the anesthetist must be ready at all times to aspirate secretions 
from the trachea It is well also for the surgeon to work with the lung ex 


panded as much as possible ^ ^ 

If the amount of secretion coming from the trachea should increase to 
degree where it suggests the onset of excessive pulmonary congestion dunng 
the operation, tourniquets should be applied quickly by an assistant to all 
extremities It is wise to be prepared also for the performance of a venesection 
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m case of emergency, but this procedure has not been necessary in any of the 
SIX patients operated upon to date 

Although It IS necessary to have an infusion of dextrose solution running 
into a vein in case of emergency, the rate of flow must be slow Blood is not 
used but should be available for use in case of hemorrhage 

Techmc With the patient lying on his left side, his right side arched 
slightly so as to widen the intercostal spaces, a standard thoracotomy incision 
IS made The pleural cavity is opened through the sixth intercostal space (or 
through the bed of the sixth rib if the nb resection technic is adopted) The 
wound edges are covered with pads of gauze moistened in sterile saline solu- 
tion and a nb spreader is inserted The lung is held forward by the hand of 
the first assistant and the pleura is reflected from the inferior pulmonary vein 
The superior segment branch of this vein is identified and freed from the 
surrounding areolar tissue by sharp and blunt dissection Any small tribu- 
taries which may be found must be ligated with fine silk and divided The 
vein is followed upwards into the lung as far as its origin where two or three 
fairly large tributaries join beneath and slightly anterior to the lower portion 
of the superior segment bronchus The vein is not divided until the freeing 
of the azygos vein has been accomplished (Fig 2) 

The mediastinal pleura and retropleural fascia over the azygos vein are 
incised longitudinally The azygos vein is freed from a point 2 or 3 centi- 
meters below the level of the superior segmental vein upwards as far as its 
junction with the highest intercostal vein In freeing the az3'gos vein it is 
usually necessary to ligate and divide a large number of its tributaries These 
include the accessoiy hemiazygos, sometimes the hemiazygos, most of the 
right intercostal veins above the level of transsection of the azygos vein, and 
many small esophageal and other mediastinal branches Occasionally in order 
to gam sufficient length for the performance of the anastomosis, it may be 
necessary to divide the right highest intercostal vein This was necessary in 
two of the six cases 

A short clamp, "bulldog” type, is applied to the superior segment vein as 
closely as possible to its junction with the basal segment branches of the 
inferior pulmonary vein A hemostatic forceps is then applied as far into the 
lung as necessaiy to avoid sacrificing any of its length and the vein is cut 
close to the hemostat A suture ligature of heavy silk is used to tie the pul- 
monaij’^ end of the vein A bulldog clamp is placed across the azygos vein 
at the upper limit of the dissection and the vein is ligated and divided at the 
lower limit approximately 2 centimeters below the level of the pulmonary 
vein (Fig 3) 

The blood is flushed out of each of the severed veins with saline solution, 
using a blunt needle attached to a small syringe A Blakemore-Lord vitalhum 
tube having a diameter of proper size to permit cuffing back the azygos vein 
on it is then applied to the upper or cardiac end of the azygos vein The end 
of the azNgos vein is passed through the tube and turned back to the ferrule 
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near the flange where it is tied with heavy silk Three strands ot arterial 
silk suture material are passed through the end of the pulmonary vem at 
equidistant points Short hemostatic forceps are fastened to these strands 
about 2 inches from the end of the vein A curved hemostat attached to the 


Fig 2 




Fig 3 

Fig 2 — Drawing made at operation (Case 3) to show 
the superior segmental branch of the inferior pulmonary 
vein after completion of the dissection but before it has been 
se\ered Azygos vein shown before dissection 

Fig 3 — ^Drawing showing the completed dissection of 
both veins as they are about to be cut across The bulldog 
clamps are in correct position Ligature on the azygos lein 
ready to be tied preparatory to division approximately 2 cm 
beyond the level of the pulmonary vein Hemostat in place 
on the superior segmental branch of the inferior pulmonar} 
vein preparatory to division with fine straight scissors 


flange of the tube is used to hold the end of the azygos vein and direct 
into the open end of the pulmonary Tiein uhich is draun over it b) evertin? 
traction on the three strands of silk The pulmonar}'' vein is draun «p o' 
the proximal ferrule on the tube where it is held with a silk tie ^ 
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ligature is then applied to hold the veins together close to the tip of the tube 
111 the manner described by Blakemore and Lord (Fig 4 ) 

The bulldog clamp is removed from the azygos vein first and then that 
from the pulmonary vein In a moment the blood can be observed flowing 
briskly from the high pressure area in the pulmonary vein to the low pressure 
region in the azygos vein Palpation of the latter beyond the anastomosis 
reveals the presence of a soft thiill 

A small incision is made m a lower intercostal space posteriorly and a 
large catheter is inserted for drainage The lung is then expanded fully and 
the chest wall is closed 


The Blakemore-Lord non-suture 
method of anastomosis was chosen in 
preference to the suture method foi 
two reasons In the first place it 
avoids the presence of suture mate- 
rial in the Ultima of the veins and 
tends to minimize the danger of 
thrombosis This danger may be 
more theoretical than actual, but it is 
not known how long a swift flow of 
blood will persist through the shunt, 
which IS the only factor beyond the 
use of anticoagulants which can be 
depended upon to overcome a ten- 
dency to thrombosis In the second 
place, the two veins which are used 
for the anastomosis are exceedingly 
Tagile and small in diameter so that 
the suture method would be unusu- 
ally difficult Experience with the 
Blakemoi e-Lord tube method in the 




six cases reported seems to indicate Fig 4 — Drawing to show the several 

that there is no reason to abandon ^^eps in the performance of the anastomosis 

by the Blakemore-Lord non-suture method 
its use as applied to the union of the azygos vein 

with the superior segmental branch of the 
OBSERVATIONS AT OPERATION inferior pulmonary vein Completed anasto- 
r ,7 7 T 11 mosis shown with location of thrill felt after 

Appeal auce Oj the lung In all six the bulldog clamps have been removed 

patients opeiated upon thus far the 

lung has shown a characteristic appeal ance The color is dusky, not exactly 
cyanotic but rather suffused with a purplish red hue It is unusually firm but 
becomes atelectatic quickly when the intrapulmonary pressure is released This 
suggests that the firmness is due to the increased tension in the large pulmonary 
vasculai bed rather than in the alveolar substance There is always also 
marked dilatation of the bronchial and perihilar collateral veins The pul- 
monaiy veins themselves are dilated firm, and pulsatile 
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Appearance of the heai t The heart appears essentially normal except for 
the very tense dilated left auricle which can be seen bulging posteriorly and 
to the right into the field of operation 

Appeal ance of the Snpeno') Segment of the Lowe) Lobe after Ligation 
of Its Vein At the completion of the operation, the superior segment of the 
lower lobe has been observed in all cases to assume a duslcy, dull red or purple 
color In one patient (Case 5) who was on the verge of congestive failure 
during the course of the operation, this segment of the lung was actually 
hemorrhagic m appearance These observations are consistent with the find- 
ings of Swan and Mulligan in experimental animals after ligation of the 
pulmonary veins ® 

EXPERIENCE WITH THE OPERATION — SIX CASE REPORTS 

An anastomosis between the superior segment branch of the inferior pul- 
monary vein and the azygos vein has been performed in six patients with 
so-called "pure” mitral stenosis Two of these were operated upon too recently 
for a satisfactory evaluation of the result One died of an exacerbation of the 
rheumatic fever infection The first three, however, have been enormously 
improved None of these patients has ever experienced an attack of pulmonarj' 
edema since leaving the hospital All three had been forced to adopt a life 
of semi-invahdism before the operation Two of them were actually unable 
to carry on outside the hospital All three are now leading normal lives after 
a prolonged period of disability before the operation was performed 

Complete details of the case histones are to be reported elsewhere' 
Brief abstracts are submitted here as follows 

Case 1 — Mrs 0 C B (MGH 610979), 17-year-old mulatto girl, had rheumatic 
fever at age 5 Diagnosis of mitral stenosis was made at age 14 First attack of pul- 
monary edema occurred at age 15, and thereafter she experienced numerous attacks with 
cough, orthopnea, wheezing, and expectoration of blood-streaked sputum The attacks 
occurred often during menstrual periods One attack almost resulted in death At this 
time she was in an oxygen tent for 4 days Between attacks she experienced d)"spnca, 
and was forced to give up school She was admitted finally to hospital where she had 
several slight attacks even under treatment with digitalis, low sodium diet, and diuretic' 
Examination revealed a slight cardiac enlargement, with a characteristic murmur 
of mitral stenosis Electrocardiogram was normal, save for right axis deviation There 
was no evidence of right side cardiac failure 

Opciation March 23, 1948 The lung was characteristically dusky, not adherent 
The superior segment vein w as short (not over i cm ) The azygos vein was shg ' 
larger than the superior segment vein m diameter A Blakemore-Lord tube non-suture 
anastomosis was performed The flow of blood through the shunt was excellent A t n 
was felt 

Pressure in the left auricle before making the anastomosis was 460 mm of va 
It was not thought wise to take the additional time at the end of the operation or a 
pressure reading after completion of the anastomosis 

Subsequent Course Her immediate reco\ery was rapid and uncomplicated 
allowed out of bed on the third postoperative daa Since her discharge from the 10 
she has led an unusuallj actne life and has had no attacks of pulmonarj c cma 
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one occasion, m August, 1948, she was admitted to the hospital with an attack of gonor- 
rheal peritonitis with a fever of 103'*!' It was discovered also that ^he was pregnant, 
and after a favorable response to penicillin therapy, she had an abortion (therapeutic) 
done Her lungs remained dry throughout this illness In January, 1949, she was 
admitted once again for interruption of a second pregnancy No evidence of pulmonary 
edema was observed at this time 

Case 2 — M Z (MGH 624098), 27-year-old male, entered July, 1948, because of 
recurring attacks of pulmonary edema There was a diagnosis of rheumatic heart disease 
at age 17 First episode of pulmonary edema occurred in 1945 3-t age 24 The attacks 
became frequent and increasingly severe They were precipitated by emotional disturb- 
ances, physical exertion, or infections Several had been almost lethal Auricular fibril- 
lation developed in May, 1948 

Evannnaiwn On entry there was moderate cardiac enlargement with absolutely 
irregular rhythm , rate 120 , characteristic murmurs Rales could be heard at both lung 
bases Blood pressure 120/70 During a three months’ residence in hospital before the 
operation he had attacks of pulmonary edema varying from mild episodes of nocturnal 
dyspnea and wheezing to attacks of such severity that it seemed unlikely that he would 
recover For a long time his condition was considered to be too precarious to contemplate 
operation 

OpeiaHon October 24, 1948 The operation as described was performed The lung 
was tense and dusky in color No pressure readings were made because of his precarious 
condition 

Subsequent Couise On the afternoon of the day of operation there was a transitory 
episode of pulmonary congestion From that time on, however, he made a gradual but 
satisfactory recovery He is now well and is touring the United States m anticipation 
of his return to his home in South America He has had no attacks of pulmonary edema 
since the day of operation 

Case 3 — Mrs R 0 (MGH 638226) , age 24, was admitted October, 1948 The 
first knowledge of any abnormality came as a result of an acute attack of pulmonary 
edema occurring during the course of a pregnancy in 1946 (age 22) Two other severe 
attacks had occurred since, one as a result of exertion, the other during an attack of 
“bronchitis ” The last episode was the most severe and required treatment in a hospital 
A fourth attack occurred just before entry She had had a chronic cough for manj 
months 

Examination This revealed a small heart with characteristic auscultatory signs 
Blood pressure 105/75 Electrocardiogram normal except for right axis deviation and 
prominent P waves Cardiac catheterization with the patient at rest showed a pulmonary 
artery pressure of 46 mm Hg systolic over 25 mm Hg diastolic , pulse 95 After gentle 
exercise (one minute) it was 7S/35, pulse 116 Developed pulmonary edema during the 
exercise test (Normal 25 ± / o to 5, with little change on exercise ) 

Opoatwn November 18, 1948 The lung was not as dusky and firm as in Cases i 
and 2, but was distinctly abnormal A very satisfactory anastomosis was made between 
the superior segment vein and the azygos vein Pressure readings from the left auricle 
were 425 mm of water before the anastomosis and 390 mm of water after its completion 
Subsequent Course Her recovery was uncomplicated Her cough disappeared Has 
had no attacks of pulmonary congestion even during a severe upper respiratory infection 
Cardiac catheterization on February 19, 1949, revealed a pulmonary artery pressure of 
50 mm Hg sj stolic and 20 mg Hg diastolic , pulse 78 at rest The pressure after one 
minute of exercise was 65 mm Hg sj^stolic and 25 diastolic, pulse 95 

Case 4 — D G (MGH 649017), age 42, female Admitted January 21, 1949 She 
had rheumatic fever at age 14 Her first sjmiptom referable to the heart was exertional 
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dyspnea noticed during her second presnancv at ao-,. ^ i. 

.nonary edema occnrred after eaerS a, 4e /s 1' th« tl?rT;a“ 
blood-tmged frothy eapectorahon Btagnoata of n..tral fteoos .5 made at fLl ta”“Fr“'l 
that time she experienced rapid progression of difficultj with frequent episodes of piil 
monary edema During the past year she had been forced to give up almost all norma) 
activities and had experienced frequent attacks of pulmonary edema She was hospitalned 
three times because of the severity of attacks There was a history of transfent left 
hemiplegia two and one-half years before admission During the past four years she had 
been taking digitoxm and quinidme with regularity because of the tendency of her heart 
to develop auricular fibrillation 

Examination The auscultatory signs were characteristic of mitral stenosis No 
evidence of enlargement Blood pressure 100/60, pulse 8S, normal rhythm Cardiac 
catheterization revealed a pulmonary artery pressure after a period of rest of 40 systolic 
nd 10 diastolic with a pulse of 78 After exercise the pulmonary artery pressure rose 
>104 systolic and 40 diastolic with a pulse rate of 100 

Operation (January 31, 1949 ) The lung was not as congested and cyanotic m color 
5 m the other cases and there was much less evidence of increased collateral circulation 


round the hilum of the lung The usual anastomosis was made and on release of the 
lamps the blood began promptly to rush through the anastomosis into the azygos \e!n 
nd the function of the shunt was very satisfactory Pressure readings were taken and 
was noticed that after this procedure the how of blood through the anastomosis uas 
owhere near as great as it had been before and it was quite obvious that it is unwise 
> occlude the vein even temporarily after the anastomosis has been made 

Subsequent Couise Postoperative course quite satisfactory except for moderate 
ilmonary edema on second postoperative day The patient was treated ivith oxygen, 
orphme, mercuhydrin She developed a pulmonary embolus on sixteenth postoperatne 
ly A bilateral superficial femoral vein ligation was performed m an effort to prevent 
other emboli Convalescence was uneventful thereafter, and patient was discharged from 
hospital on February 26, 1949 Postoperative pulmonary artery pressure determinations 
will be made in the near future 


Case 5 — A P (MGH 106907), age 30, female She had no history of rheumatic 
fever, but a diagnosis of mitral stenosis was established at age 19 She first noticed 
dyspnea on exertion and orthopnea at age 25 during pregnancy During the sixth month 
of her pregnancy she experienced a very severe attack of pulmonary edema, because of 
which the pregnancy was interrupted by cesarian section Since then she had experienced 
rapid progression of difficulty, with frequent attacks of pulmonary edema, often severa 
mild attacks per day She had subacute bacterial endocarditis 16 months before admis- 
sion which responded favorably to treatment with penicilhn 

Examination There was no venous distention, but scattered inconstant fine inspira on' 
basal rales Dullness and diminished breath sounds at right base posteriorly suggesting 
fluid Her heart was markedly enlarged to the left, with a maximum palpable wpuke 
the midaxillary line, fifth interspace There was a loud, grade HI to D 
murmur over entire precordium and left back, loudest at apex Venous pre 
left forearm was 123 mm of water Vital capacity was i S liters (57 ^ 

Pulmonary artery pressure was tio/30 mm of mercury at rest, with pulse 0 9 d, 

145/65 after exercise, pulse 125 , , , ^ j Outd was found 

Opeiation (February 7, I 949 > An effusion of slightly tur 1 ^ ^ jj purph b 

and 3ns cc .vas ob.a.ned on aap.rat,on The '“"S tie 

red appearance There was a large development of collateral vessel t 
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reading following anastomosis was 379 mm of water The flow of blood through the 
shunt was unusually forceful A marked thrill was felt in the azygos vein beyond the 
anastomosis 

Subsequent Couise An attack of pulmonary edema immediately po’stoperatively was 
relieved by tourniquets and morphine Fever rose to 105 and 106 ° The postoperative 
course was extremely stormy, requiring oxygen, digitalis, aspirin, and frequent use of 
morphine and tourniquets for pulmonary edema She gradually improved, but on the 
tenth day postoperatively developed tachycardia and pulmonary edema and died suddenly 
on the eleventh day Autopsy revealed marked evidence of an exacerbation of rheumatic 
fever There were fresh vegetations on the heart valves The venous shunt was patent 
except for a recent (6 to 24 hour) thrombus in the pulmonary vein, probably a terminal 
occurrence 

Case 6— E R (MGH 657333), age 27, female, was admitted March 31, 1949 
There was a history of febrile illness suggesting rheumatic fever during childhood Four 
years previously, she experienced a first attack of pulmonary edema with dyspnea and 
expectoration of frothy blood-tinged sputum Subsequentlv she suffered similar attacks, 
especially during the previous year, with four severe episodes and several minor ones 
She had a therapeutic abortion two months prior to admission 

Examination Auscultatory signs were consistent with mitral stenosis, with only 
slight cardiac enlargement , lungs clear , pulse 76 Roentgen examination of the chest 
showed enlargement of left atrium Vital capacity was 2 8 liters Hemoglobin 14 4 Gm 
per cent Pulmonary artery pressure while resting was 41 mm of mercury systolic and 
18 diastolic, with pulse 75 , after exercise 65 mm mercury systolic and 28 diastolic, 
with pulse 98 

Opetafiou (April ii, T949) The lung showed the characteristic congested appear- 
ance , no adhesions , left auricle very large, pressing the esophagus to the right The 
azygos vein was unusually small in diameter but a satisfactory anastomosis was made 
using a 3 mm Blakemore-Lord tube The flow of blood through the shunt was active 
The pressure m the left auricle before the anastomosis was 460 mm of water, after the 
anastomosis it was 370 mm of water 

Suhscauent Couise The patient has made an uneventful convalescence to date, but 
is still in hospital It is too early for evaluation 


COMMENT 

The chnical improvement m the first three patients since the performance 
of the opeiation has been striking Their exertional dyspnea and palpitation 
have diminished None has experienced any attacks of pulmonary edema even 
under the stress of illness, emotional strain, and considerable degrees of 
physical exertion 

It has been demonstrated on the operating table that the shunt produces a 
significant lowering of the pressure in the left auricle In one case there was a 
drop from 425 to 390 mm of ivater (or 8 2 per cent of the initial pressure) 
In another the drop nas from 530 to 379 mm of M'ater (or 284 per cent of 
tlie initial pressure) In a third the pressure fell from 460 to 370 mm of \vater, 
a drop of 19 5 per cent Just how great a reduction in the intra-auncular 
pressure can be induced without impairment of the peripheral circulation is not 
let known, but experience thus far has not suggested that any unfavorable 
result has been produced 


393 



SWEET AND BLAND 


Annals of Sur«rj 

September 194 ® 

In one patient, (Case 3 ), completed catheter studies demonstrate a con- 
tinuation of the decrease in pressure m the pulmonary circuit after the estab- 
lishment of the anastomosis (Table I) 

The preliminary experiences which make up the substance of the report 
suggest that at least until some more adequate method is available, the per- 


Tablc I — Pressure Determinations tn Six Patients Opeiafed Upon 


Left Intra-Auricular Pres- 
sure During Operation Pulmonary Artery Pressure 

(MM Water) (MM Mercury) 



Before 

Anasto 

mosis 

After 

Anasto- 

mosis 

Resting 


After Exercise 


Pressure 

Pulse 

Pressure 

Pulse 
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Discussion — Dr Alfred Blalock, Baltimore Dr Sweet is certainly to be con- 
gratulated on his excellent results m these extremely ill patients As he has indicated, 
surgical attacks have been earned out, experimental and clinical, along several different 
lines One, a direct attack on the valve itself, second, a decompressing procedure, such as 
Dr Sweet has used , third, a by-passing tj pe of procedure, in an attempt to cause blood 
to flow from the left auricle to the ventricle, circumventing the valve 

(Slide) The attacks on the vahe itself are demonstrated m this slide In 1922 
Drs Graham and Allen, in this city, attempted to use a cardioscope wuth a concealed 
knife in visualizing and in cutting the stenotic mitral valve Dr Siveet has referred to 
the work of Cutler and Beck on the use of the valvulotome as showm in tins slide 
More recentlj the late Dr Horace Smithy used this method with encouraging results 
Dr Sweet also referred to the work of Harken and of Bailey, in w'hich they 
make the attack on the commissure itself, rather than on the valve leaflet, attempting 
to avoid an insufficiency Harken uses a vahnilotome He has operated on five patients, 
with tw^o survivals Bailey uses a curved knife inserted alongside the finger, and 
attempts to cut the valve at the commissure He has operated on approximately a 
dozen patients, with four survivals 

(Slide) Next is the method wdiich Dr Sweet has used w'lth great success, namely, 
a decompression procedure He spoke of the possible use of creating an inter-auncular 
defect, thereby converting the lesion into a Lutembacher’s syndrome 

(Slide) Dr Hanlon and I have devised wdiat we consider a satisfactory method 
for creating an inter-auricular defect It can be done under direct vision It is dependent 
upon the fact that the right pulmonary veins are adherent to the posterior wall of 
the right auricle, and wnth proper occluding devices one may make an incision into 
the pulmonary vein, another incision into the auricle, and excise part of the septum 
(Slide) The closure is relatively simple, m that one simply approximates the anterior 
wall of the auricle to the anterior w'all of the vein 

(Slide) Here is an example of such an interauncular defect We ha^e not at- 
tempted to use this in patients wuth mitral stenosis thus far We have used it on 
approximately a dozen patients with transposition of the aorta and the pulmonary 
arten’, and m one patient with a tricuspid atresia 

(Slide) With the dexterity of Dr Sw'eet it is perfectly obMous that he can get 
b\ with an end-to-end anastomosis between the ^elns, but anastomoses between veins 
are particularly apt to thrombose, and I think an inter-auncular defect is somewhat 
more apt to stay open 
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The third and last general method of attack, which I think is still in the e\pcn 
mental stage, is that of a by-passing procedure, first suggested, I think, bv Dr Jcger 
in Germany in 1913, in which he suggested that one attempt to by-pass the stenotic 
mitral valve by using a vein graft connecting either the auricle or the pulmomn 
vein with the left ventricle I am afraid, however, that the valves in the \ein would 
become incompetent 

More recently Rappaport has suggested the anastomosis of the left auricular ap 
pendage to the left ventricle I am quite confident that this anastomosis will thrombo'C 
I understand that Dr Robert Gross is now using (at least experimental!}) a graft 
of aorta connecting the auricle and the ventricle 

From a theoretical point of view this method would seem to be the best of all 
As to whether the technical features can be worked out, I don’t know 

In closing, I would like to urge a vigorous continuation of attempts to produce 
mitral stenosis satisfactorily m animals I think the reason this problem has been 
rather slow in progressing is this difficulty in producing it experimentally Further 
more, again I would like to congratulate Dr Sweet on this excellent work 


Dr Henry Sw^an, Denver, Colo Gentlemen, I would like to thank yo" 
privilege of haimg the floor a moment to discuss this extremely stimulating 

We ^^0 been interested for some time m investigating 
and the physiological effects of creating a shunt between f m 
venous systems I would like to mention two observations which we 

legard to this procedure , , attempt 

(Slide) This slide shows various methods „„s stentl, rcsolteil m » 

to make such a shunt The type of ana«s which mo^ 
well functioning shunt is illustrated in D This is a ^ ^itallium tube 

the azygos vein and the upper branch distal end of the vein 

technic When one does this, of course, on engorgement of the pulmonan 

This is followed in our experience by J ,esorbs until the luue 

tissue, but over a period of about four is no death of t - 

tissue returns approximately to normal I therefore this procedure v\o«’‘ 

pulmonary tissue, as has been previou^ made 

be safe if too great an obstruction to the veno ^ „ era 

(Slide) This slide shows a typica 77^® mnhmeters m diameter extending Lon 
t, on, with the probe which has a handle about 4 millimeters 

the pulmonary vein to the vena cava physiological effects of such a prr^ 

The second observation is m regard ..^deriving the operation is a red 

- ^:trrdss: ^ - 

(Sl.de) Tlue sl.de .llustratee llb.en e .ba. “Ild S- 
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One final point is in regard to the selection of patients for clinical trial We are 
all familiar with the fact that in almost all conditions in which there is a pulmonary 
hypertension, organic changes occur in the peripheral pulmonary arterioles, quite similar 
to those which are seen in the sj'stemic arterioles in generalized hypertension 

Such changes are commonly seen in patients with mitral stenosis If they are 
present it would seem probable that such a shunt might not result m a lowering of 
pressure in the pulmonary artery, but indeed might have the opposite effect by in- 
creasing the right heart output into a pulmonary bed which is contracted by organic 
arterial disease 

I would like to ask Dr Sweet if biopsies were taken on the lungs of any of his 
patients upon whom he has operated, as this might shed considerable knowledge on this 
particular point I should think that if this particular operation were to have its best 
chance, it would be done early in the course of the disease, before right-sided heart 
strain has occurred and before there has been any pulmonary arteriolar change 

Dr Frederick E Kredel, Charleston, SCI should like to say just a word 
about the problem of insufficiency after valvulotomy 

A little over a year ago Dr Smithy operated on a series of seven cases of mitral 
stenosis, with five survivors In two of these cases the valve was apparently missed, 
so we cannot count those One other case subsequently died and did have a little in- 
sufficiency, but this was apparently not related to the valvulotomy itself 

In the two other cases, now about one i^ear postoperative, tbe stenosis has been 
relieved clinically, and there has been no trouble from mitral insufficiency 

Dr Richard H Sweet, Boston All of us should be most grateful to Dr Blalock 
for his excellent historical review, and to Dr Swan for his valuable review of the 
physiologic mechanisms involved in this procedure I would like also to reiterate the 
necessity for recreating this condition in animals, and along that line to state that until 
I had operated on my first patient I was unaware of Dr Swan’s valuable contributions in 
the experimental animal 

We have not attempted to do this in animals because we, likewise, have failed to 
create mitral stenosis in any of the experimental animals, and I felt that unless one 
could reproduce the disease which we are operating upon, there was hardly any wisdom 
m trying to attempt it on them 

With regard to the choice of patients, of course it is quite obvious that this should 
not be applied to all cases of mitral stenosis, and I am certain that in fact as we review 
the cases it will be applicable only to a certain few Those will be the ones that have 
licarts that are not enlarged, who have not begun to suffer from the prolonged effects 
of the disease 

We have done biopsies on the lung I am not certain about whether I could give 
. ny useful information at this point without reviewing the slides regarding the vessels 
We were particularly interested in determining, if possible, what it was which made 
the peculiar appearance in the roentgen-ray films in these patients after recovery from 
a series of episodes of mitral stenosis In other words, the lungs of some of these patients 
looked almost as if thej had had miliary tuberculosis, or a certain amount of per- 
sistent pulmonarj’' congestion In fact, that appearance is due to the deposits of hemo- 
siderin which one sees We wall review our slides to see ivhat the \essels look like 

I would like also to point out that this naturally is nothing but a preliminary 
presentation, and it is a procedure ivhich maj ultimately not be of anj \alue, but I am 
absolutelj certain, on the basis of clinical obscr\ation, that at least four of these patients 
arc for the moment completely rehabilitated 
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Radiographic visualization of the vascular system requires a high local 
concentration of radiopaque dye In large vessels where the volume flow of 
blood IS great, a sufficient concentration of dye can be achieved by temporan 
obstruction of the arteiy proximal to the site of injection Although this pro 
cedure can be carried out with relative ease in the peripheral arteries, it is 
difficult if not impossible to accomplish this result m the more centrally placed 
vessels In retrograde arteriography,^* ^ it is particularly difficult to obtain a 
sufficient concentration of dye, since, as Farinas® has shown in the experimental 
animal, the injection, to be successful, must overcome first the inertia of the 
blood flow and, second, the blood pressure In a previous study, ^ repeated 
attempts to visualize the abdominal aorta by retrograde injection of djeinto 
the femoral artery were unsuccessful, m spite of the use of a large needle, 
15 or r6 gaug-e, and the injection of 30 to 40 cc of 35 or 70 per cent Diodrast 
Since proximal compression of the abdominal aorta, especially m its npp^r 
portions, was impossible, it was felt that better visualization might be acconi 
plished if some method could be devised for temporary suppression of cardiac 
output, so that neither the blood pressure nor the volume flow of blood non 
interfere with the injection of the radiopaque solution 

The Valsalva maneuver was selected as a means for temporary reducf^n 
of the cardiac output at the time of the injection of the radiopaque 
into the arterial system The results obtained in a senes of 13 cases form 
basis for the present communication 


technic ^ 

The following technic has been gradually evolved m the course 
observations, and has been found to be satisfactory in the 3^,5 

The patient is placed supine on a horizontal cassette tunne , tie g 

of the tunnel and the long axis of the roentgen ray table on ’ '' 

run m the same direction The tunnel, open at both sides and 
a 14 by 17 cassette lengthwise of the table, is put into position ^ 

This rack has grooves which accept two large lead screens 
the tunnel m wmg-hke projections on either side 

* Aided in part by a grant from the American on 

and a grant from the Veterans A 

Surgery of the National Research Council Read before t 

tion, St Louis, Mo , April 20 , I949 
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the films and the operator On the side of the table away from the operator is 
a bin, lined with sponge rubber, into which the cassettes fall as they are 
pushed through the tunnel The tunnel has a bakelite cover, beneath which 
are grooves to accept a 14 by 17 Lysholm grid The channels in the tunnel 
through which the 14 by 17 cassettes travel have springs at the far end to 
arrest this travel 

The apparatus is fed by hand, and the exposures are made with a foot 
switch Six or seven films are used, and all of the exposures can be made in 
eight to ten seconds, depending upon the speed of the operator The interval 
between the first and second films is usually the closest, due to the fact that 
one cassette is already in place The technical factors vary with the vessel 
to be visualized 

Abdominal Aorta (i) (Outlined by retrograde carotid injection, using 
the Valsalva maneuver ) 86 to 92 KV, o 2 sec , 200 M A , 36-inch tube film 
distance Exposures are made as rapidly as possible beginning just before 
completion of the injection (2) (Retrograde injection of the femoral to out- 
line the abdominal aorta and common iliac using the Valsalva maneuver ) 
Exposures are started at the beginning of injection and are made as rapidly 
as possible, using the same factors as noted above 

Fenwial Aiteiy 85 KV, o 15 sec , 200 M A , 36-inch tube film distance 
Exposures are made as rapidly as possible, starting when injection is half 
completed 

Popliteal and Tibial Vessels 75 KV, o i sec , 200 M A , 36-inch tube film 
distance Injection is made in the femoral artery Exposures are made start- 
ing with completion of injection The first two films are exposed one second 
apart and the later studies made at gradually increasing intervals Total time 
for six films is approximately 15 seconds 

Foot and Ankle 68 KV, o 05 sec , 200 M A , 36-inch tube film distance 
Injection is made into the femoral arterj^ Exposures are started at completion 
of injection The first two are made within five seconds, and the remainder 
every five to eight seconds for a total of 30 to 45 seconds 

Thoiacic Aoita (Outlined by retrograde carotid injection using the Val- 
salva maneuver ) 86 KV, 02 sec , 200 M A , 36-inch tube film distance 
Exposures are started at the beginning of injection and made as rapidly as 
possible 

Foieaim and Hand The method is similar to that m the leg and foot 
60 KV, o 05 sec , 200 M A , 36-inch tube film distance Exposures are started 
when two-thirds of the injection has been made and they are spaced about every 
three seconds for a total of 15 to 18 seconds 

The selection of the radiopaque substance is determined by the portion of 
the vascular system selected for visualization Thorotrast m a concentration 
of 20 per cent is non-irritating, and is therefore generally used in the presence 
of severe obliterative arterial disease or when there is any chance that the 
contrast medium may enter the intra-cranial blood vessels Thonum dioxide is 
not rapidly excreted, and since there may be some damage from persistent 
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radio-activity,5 its use has been resen ed for those patients ^Mth degeneratue 
rtenal disease whose life expectancy is not great ThirU-fnc per cent 
Diodrast has been found to give less reaction than the 70 per cent Diodrast 
and It has been selected for the visualization of the smaller arteries In those 
arteries with a large volume flow, for example in retrograde artenograpln of 
the aorta by way of the common carotid arteries, 70 per cent Diodrast has 
given more satisfactory visualization 

The complications which have resulted from the injection of radiopaque 
substance during the Valsalva maneuver will be discussed m detail in the 
consideration of the individual cases 


After the preliminary film has been seen by the radiologist and the sur- 
geon, and any necessary corrections in technic made, tlie needle is inserted 
into the artery through the skin or after exposure of the arterj under local 
anesthesia A number 15, 16 or 18 gauge needle has been used for the femoral 
and carotid arteries, and for the smaller arteries a No iS Lindemann 
cannula has been found quite satisfactory This needle is attached to a stop- 
cock by way of a segment of rubber tubing eight inches long The rubber 
tubing IS fitted with a “Luer-lok” attachment so that it cannot be detached 
from the needle A 50 cc syringe containing the contrast medium, with a 
“Luer-lok” connection, is fitted to the stop-cock on the proximal end of the 
rubber tubing The use of this section of rubber tubing has been found to be 
essential in order to prevent dislodgement of the needle from the arterj during 
the forceful injection While the operator holds the needle m the lumen ot 
the vessel, the assistant grasps the barrel of the syringe in one hand and the 
plunger in the other hand, in preparation for the injection The patient is then 
instructed to take a deep breath, to close the glottis, and to strain down with 
all his might If the artery has been exposed, the decline 111 blood pressure is 
readily perceptible to the index finger of the surgeon wdio is holding the needle 
in the arterial lumen When the injection is being made directly through the 
skin, the disappearance of the pulse at the wrist or at the temple during the 
forced expiration against resistance serves as a guide for the injection of the 


contrast material 

When the blood pressure has fallen to a low' level, the signal is given and 
the radiopaque solution is injected as rapidly as possible Although the exact 
time of the injection has not been measured, it has been estimated that from 
twm to five seconds is required for the injection of 30 to 50 cc of solution 
The first film is exposed wdien about half of the contrast material has been 
injected, and thereafter the succeeding films are exposed everj two to fnc 
seconds, depending upon the portion of the arterial sjstcm winch has been 
selected for visualization In the aorta and its major branches the casut.c^ 
are changed as rapidly as possible, ever} one to two seconds, while m the nios 
peripheral arteries in the distal parts of the extremities longer intenab Inu 
been found more satisfactory In patients with a high degree ’ 

It may be advisable to precede the Msiiahzation by injection of Proc. 

the region of the sympathetic ganglia 
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It IS advisable to have the patient practice the Valsalva maneuver several 
times before the injection in order to familiarize himself with the details 
Again, the patient should be warned that he will experience a sensation of 
intense heat at the time of the injection, and that this painful sensation is of a 
temporary nature, but that he should refrain from any movement while the 
exposures are being made If Diodrast is being used, preliminary tests for 
sensitivity, of course, are necessary 

RESULTS 

The effect of forceful expiration against the closed glottis, the Valsalva 
maneuver, upon the blood pressure, is illustrated in Figure 2 There is a rapid 

Fig I 



Fig 2 

Fig I Rapid film changer Exposure made bj" foot switch , films fall 
into bm as completed 

Fig 2 Arterial pressure tracing Strain gauge recording of femoral 
blood pressure \ariations during a Valsaha maneiner Dotted line shows 
l^im 01 commencenicnt of expiration effort following maximal inhalation 
xotc drop in total pressure and pulse uave during 20-second mter\al of 
c piraion elfort against a closed glottis The last frame indicates the tem- 
porarj oiershoot of pressure following release 
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to 48 mn. of n^ercury Follc.ng" elease " “,^tL 
rapidly rises and usually exceeds the initial lei el ■* 

The first retrograde arteriogram iiitli the use of the Valsaha manemtr 
was performed in the following patient oanemtr 


duration oL intermittent attacks of 'ibclom.tnl pam ot a ^car^ 

duration One jear before admission he bad been struck b\ a licaii ca^e in tlic nml 

fankT" h!s nbvsir^T'd f "bdonnnal paui radiatnu^ into uX 
aZen^Z a pulsating abdominal mass and rocnUitnour mi of tlu 

bdomen had revealed a circular calcified shadow Ijmg at the le\e] of tlic fourth \trtt’ ra 



Fig 3 (Case 2) — Retrograde left common carotid arteriogram ( ‘\ ) AnctiraMii 
of arch of aorta is faintly visualized (B ) Clearer delineation of the same lc>;ioii with 
Valsalva maneuver and visualization of the ascending aorta 


which had been interpreted as an ancurjsm of the abdoniiinl aorta Retrograde arteri 
ography of the abdominal aorta was performed by the injection of 41 ccs of 70 jicr cent 
Diodrast through a 16-gauge needle With a special apparatus, the injection avas nndt 
at a pressure of 100 lbs per square inch oacr a period of 3 seconds, and 2 films were 
exposed The radiopaque material rose as liigli as the second lumbar atrtebra, ind 
by-passed the calcification seen on the left side of the acrtcbral column As a result ni 
this studj% it was concluded that the calcified mass did not appear to be an aiiLurasm 


since it lay outside of the aorta 

Exploration through a retroperitoneal exposure was performed on June ii Tiit mass 
proved to be an aneurjsm of the abdominal aorta which had apparentU cxpimlu! i-i 
numerous occasions with resulting marked inflammatoo 5car ti«ut \ftcr prclm iwrv^ 
occlusion of the aorta above and below the ancurvsm, the mass was opened 1. it ‘urM'"' 
repair was found to be impossible because of marked sclerotic ciiangc^ m tlic wall ot t a 
aorta where a defect measuring one inch m length and imohing on tim 01 ^ 
anterior wall was found The aorta was coinpletclj dn idcd aI>o\e titc sne an i tb- op' ^ 
closed with a running suture of No 40 cotton After operation spite rp tie n r > 
anticoagulant and supportive measures, there was marked nchcmia o- the h c 
of the leading to the patient s death on the second r>oslopent.vc das 
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Comment Postmoitem examination showed extensive degenerative arte- 
rial disease involving the aorta and iliac vessels This was the first patient in 
whom the Valsalva maneuver was used for retrograde arteriography of the 
abdominal aorta, and although the roentgen ray films were better than any 
previously obtained, they still were not sufficiently clear to demonstrate the 
extensive arterial disease present and the communication of the aorta with 
the aneurysmal sac 


Case 2 — ^This patient was a 45-year-old man, who was admitted to the Franklin 
Hospital in July of 1948 for an attempt at visualization of an aneurysm involving the 
transierse aortic arch The patient had suffered massive hemoptysis in Januar}', 1948, 
and at that time the diagnosis of a luetic aneurysm of the aorta was made Retrograde 
arteriography using the left common carotid artery was performed on July 7, 1948 
Under local anesthesia the left common carotid artery was exposed, and through a 16- 
gauge needle 50 cc of 70 per cent Diodrast w'ere injected, wnth the patient m the dorsal 
recumbent position The patient experienced some discomfort and nausea He w'as then 
rotated into the left anterior oblique position, and the injection repeated, but this time 
using the A^alsalva maneuver The Diodrast w'as injected w’hen the pressure in the carotid 
arterj had dropped to a low' level In Fig 3 is showm a comparison of the intensity of 
visualization of the aorta and its large branches, wnth and without the Valsalva maneuver 

Twentj seconds after the injection of the Diodrast, the patient had a generalized con- 
vulsion which lasted for 30 seconds and w'as follow'ed by a prolonged period of apnea 
with a slow' and irregular pulse When spontaneous respiration was finally resumed the 
patient was given nasal oxvgen After completion of the procedure, it was found that the 
patient had a right hemiplegia He remained comatose for one-half hour and the convul- 
sions recurred on three occasions He was treated with nicotinic acid, 100 mg every four 
hours, and nasal oxygen , after a severe convulsion W'hen the heart appeared to have 
stopped, he was given intracarduc adrenalin Recovery finally took place without residual 
neurological symptoms, but the hemoptysis has recurred 

Comment The convulsions and temporary right hemiplegia m this case 
were probably due to an error m technic which allowed the 70 per cent Dio- 
clrast to leach the mti acranial circulation in a concentrated form As empha- 
sized previously it is extremely important to aspirate the 70 per cent Diodrast 
from the left carotid arteiy after completion of the injection, and it is possible 
this was not done in this patient Again, it is possible that the 70 per cent 
Diodrast might have entered the mtraciamal circulation by the right carotid 
and hv both vertebrals (as shown m Figure 3B) In retrospect it would have 
lieen better to have used Thorotrast for this visualization 


Case 3 — ^This patient w'as a 57-year-old man who was admitted to the Franklin 
Hospital in January of 1949 because of a pulsating mass m his right groin His blood 
pressure was 230/150 On physical examination a pulsating mass w'as found in both 
uiguiinl regions There was evidence of mild cardiac decompensation 

Retrograde carotid arteriograpln , using 30 cc of 70 per cent Diodrast through an 
I'Vgaiige needle, was attempted, but because of the patient’s poor general condition, the 
Vabaha niancuier was earned out with caution and onh mildh and the d\e was not 
injected with as great force as usual In serial films of the abdomen no d>e was Msible 
m the abdoininal aorta below the le\el of the renal arten The pat’ent recoiered from 
tins procedure without complications 
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On Februarj 3, a retrograde arteriogram of the right femoral artcr\ was oVai tl 
by insertion of a 16-gauge needle directly through the skin into the femoral artcr\ juf 
below the aneurysm in the inguinal region The circulation below the point ot iirtrli'" 
of the needle was temporarily obstructed by inflation of a tourniquet applied to the thn, 
and 50 cc of 35 per cent Diodrast were injected As shown in Fig 4 multiple saccular 
aneurysms of the right iliac artery were disclosed as well as a large tuciiorm ancur\ m 
of the right external iliac and femoral arteries 

In view of the patient’s generalized cardioaascular disease, operate e tnatment dn! 
not appear to be indicated 


Case 4 — This patient w'as a 4S-year-old man who was admitted to the rranklin 
Hospital in February of 1949 because of intermittent claudication nnohing the richt 
thigh and leg of six months’ duration Although the left femoral pulse wac readiK pal 
pable, no pulse could be felt in the right groin The pulsation of the abdominal .aorta 

appeared to be normal 

Under local anesthesia the Icit ic 
moral artcrv was exposed in the groin, 
and 50 cc of 70 per cent Diodrast wire 
injected through a i6-gaugc needle oitr a 
period of four seconds while the cin.iih 
tion to the left-lower extremitv was oc- 
cluded bv inflating a tourniquet placed 
about the thigh Serial films were taken 
which showed obliteration of the ihai 
artery on the right side, with filling ot 
the right femoral by means of collatcnls 
across the pcKis from the left side 

Comment This patient was al- 
low eel to exhale before completion ot 
the injection, so that filling of the 
abdominal aorta was not obtained 
Even though the radial pul'c disap- 
pears more complcteh immediateU 
following release ot the breath, it i" 
apparently ad\ tsable to maintain the 
increased mtrathoracic pressure diir- 
mg the entire period in which films 
are being taken 

Case 5 -This patient w ns n ^c^r 

old man who was admitted to the 

sity of California Hospital »' J 
S , bcc„,.c of o 

In ini> O' 

suddcnl. notid pi.n -iod n»”b ^ 

pallor and coldness ot the left ^ ’ I"'"";; 

admission, he had a blood pressure ' 'J ’ there was dilatatio 1 oi 

was palpable in the lower abdomen In add .,0 1 c , ^ 

art rj Retrograde arteriograplw b^ wa o the ne t ^ 

:s«as — f ^ " 

Te dX' 

injection of 3o 



Vir A I Case a)— Retrograde right fem- 
oraUrtetioiSm 'Xneury sms of femoral and 
ihac arteries are demonstrated 
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Retrograde carotid arteriography with the Valsalva maneuver was attempted on 
February 7 , using Thorotrast Two injections of So cc each of 20 per cent Thorotrast 
.y way of the left common carotid artery were made In spite of the use of the Valsalva 
di wer, no dye appeared in the lower abdominal aorta or pelvis It was the opinion of 
ir Earl R Miller, of the Department of Radiology at the University of California 
ospital, that some additional vascular lesion must have been present in the thorax to 
irevent the passage of radiopaque material into the abdomen 

At the time of the second injection of Thorotrast, the patient experienced a sensation 
A pressure in the thorax, but no significant pain That night, some eight hours later, he had 
sudden onset of severe precordial distress, with a fall in blood pressure, and other 



A B 

Fig S (Cases) — Roentgenogram of chest (A) Preoperative film (B ) Film 
ten daj-s after retrograde carotid arteriogram, showing residual Thorotrast in wall 
of aorta 


classical signs of acute mjocardial infarction The electrocardiogram showed typical 
changes, and there w'as an elevated sedimentation rate and fever wnth persistent chest pain 
for a period of 10 dajs At the end of that time, how'e\er, a roentgenogram of the chest 
showed radiopaque material present w’lthin the w'all of a dilated aorta as shown in Fig S 
Reco\cry finallj took place 

Comment This patient probably had an unsuspected dissecting aneurysm 
of the thoracic aorta During the period of hypotension from the Valsalva 
maneuver he might ha^ e sustained a coronar}’- occlusion or else, possibly during 
the period of In pei tension following release of the glottis, a further rupture of 
a dissecting aneurysm took place 
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On February 3, a retrograde arteriogram of the right femora! arterj na-- obtuncd 
by insertion of a i6-gauge needle directly through the skin into the femoral arter% jint 
below the aneurysm in the inguinal region The circulation below the point ot iiwcruon 
of the needle was temporarily obstructed by inflation of a tourniquet applied to the tliieli 
and SO cc of 33 per cent Diodrast were injected As shoum in Fig 4 multiple 'ncculir 
aneurysms of the right iliac arterj were disclosed as well as a large fusiform ancuo'm 
of the right external iliac and femoral arteries 

In view of the patient’s generalized cardio\ ascular disease, operatue treatment did 
not appear to be indicated 





% 




Case 4 — This patient w^as a 48-year-old man who was admitted to the rnnklm 
Hospital in February of 1949 because of intermittent claudication iinolung the neht 
thigh and leg of six months’ duration Although the left femoral pulse was rcndilj pnl 
pable, no pulse could be felt in the right groin The pulsation of the abdonuml aorta 

appeared to be normal 

Under local anesthesia tlie left tc 
moral arterj was exposed in the groin, 
and 50 cc of 70 per cent Diodrast were 
injected through a i6-gaugc needle o\cr a 
period of four seconds while the circula 
tion to the left-lower cvtrcmiti was oc 
eluded bv inflating a tourniquet placed 
about the thigh Serial films were taken 
w'hich showed obliteration of the ihat 
artery on the right side, with filling ol 
the right femoral bj means of collaterals 
across the pelvis from the left side 

Comment This patient was al- 
loived to exhale before completion of 
the injection, so that filling of the 
abdominal aorta was not obtained 
Even though the radial pulse (li;;ap 
pears more completeU inimcdinleh 
following release of the breath. U i> 
apparently advisable to inaintaiii the 
increased intrathoracic pressure dnr 
mg the entire period m which ft ni' 
are being taken 

Case 5 -This 

old man who was il-nn o 
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Case 6 This patient, a 69-3"ear-old man, i\as admitted to Franklin Hospitil in 
February of 1949 because of a dull aching pain in both feet and lower legs wlucli Ind 
been present over a year On admission he complained of a constant pain in the region 
of his left ankle and in the metatarsal area The left common carotid arter\ was cxpo'td 
and 40 cc of Thorotrast were injected in a retrograde fashion through an iS-giiiqc 
needle at the height of a Valsalva maneuver The entire injection required about 4 sec- 
onds Serial roentgen-rays w»ere taken immediately following the completion of the 
injection These films demonstrated occlusion of the common femoral arteries bilatcralh, 
which was confirmed on the left by operation The occlusion on the left was probibh 
acute with ischemic neuritis, while that on the right w'as of a more chronic intiirc 
Temporary relief was obtained by left femoral arterectomj Following recurrence of pun 


of the axillary and bradna artencs^ subdauan to ‘"L oneui <■! 

N« t'Sf narro«..W oI tta s„bctan,. -.r.en . 

the vertebral 
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relief was obtained by left lumbar sympathectomy after left lumbar sympathetic block 
bad proved effective 

Comment The retrograde arteriogram was useful in shoiMOg where the 
obstruction lay, so that a successful arterectomy could be carried out 

Case 7 — ^This patient, a man of so, was admitted to the Franklin Hospital in Feb- 
ruarj’’ of 1949 because of burning pain, numbness, and paralysis of the right arm and 
hand of four months’ duration This state followed excision of a small tumor from the 
riglit axilla The skin of the hand was glossy and cool , the joints were fusiform and fixed 
Pulses were absent in the right wrist, however, the brachial was palpable at the elbow 
The problem here was one of locating the point of arterial obstruction, of determining its 
extent, and its relation to the causalgic state 

Under local anesthesia the right common carotid artery was exposed and 35 cc of 
70 per cent Diodrast were injected in a retrograde fashion at the height of a Valsalva 
maneuver Films were exposed serially, the first being taken when half of the radiopaque 
material had been injected This demonstrated obliteration of the subclavian, axillarj 
and brachial arteries from the second portion of the subclaxian to beyond the profunda 
brachn The rapid injection of Diodrast combined with arterial obstruction and the Val- 
salva maneuver caused the medium to fill the internal mammary and vertebral arteries 
in high concentration A posterior inferior cerebellar syndrome resulted from the con- 
centrated Diodrast in the vertebral artery, from which recoiery was gradual over a 
period of 3 weeks 

Comment Excellent visualization w'as obtained facilitating aiterectomy m 
combination wnth sympathectomy and brachial plexus neurolysis to relieve this 
patient’s painful syndiome The use of 35 per cent Diodrast and concomitant 
occlusion of the vertebral aitery probably would have avoided the brain stem 
injury 

Case 8 — ^This patient was a 49-year-old man who was admitted to Fianklin Hospital 
in February of 1940 because of a 3-year history of claudication in both hips There was 
definite evidence of an artci lal insufficiency in both lower extremities The femoral pulses 
Mere palpable but that on the right was diminished There were no palpable arterial 
pulsations distal to the femoral region The left common carotid artery was exposed, a 
16-gaiige needle was introduced in a retrograde fashion, and 45 cc of 70 pei cent Diodrast 
ucre injected into the left common carotid artery The injection was carried out during 
a Valsalva maneu\er, and roentgen-ray films were taken serialb' The aorta and iliac 
arteries were shown to be very faintly outlined, the dye was seen entering the femoral 
artery, and the femoral profunda w'as well outlined 

Comment These films show poor aortic filling but good filling of the 
femorals by collaterals The pooi visualization was due to a combination of an 
inadequate Valsalva maneuvei riimited because of the patient’s condition), 
slow injection, and insufficient Diodiast 

Case 9 — This patient was a 49-j car-old woman plnsician, ndniittcd to the Franklin 
Hospital in March of T040 because of one 3 ear’s histor\ of numbness and paresthesia 
of the third fourth and fifth fingers of the right band On examination all pulses were 
present both in the upper and lower extremities Feet and hands were moist showing 
marked c\idencc of aasoconstritlmn WInIc being nncstigatcd for a scalenus sindromc 
a s%stohc murmur was found o%cr the left subclaMan artcr\ winch was transmitted into 
the left axilla and being a plnsician the patient was worried that she might ln\c an 
ancun'sin 

Under local anesthesia the hrachnl artcr\ was exposed m the mid-arm and an 18- 
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gauge needle was introduced in a retrograde fashion into the vessel With distal occlu- 
taken Vh ° Per cent Diodrast were injected rapidly into this vessel and serial films 

arteries (Fig yA/ '^ 


The same procedure was carried out a second time, this time nith the Valsalra 
maneuver, and revealed filling at the origin of the subclavian artery and also demonstrated 
a small notch in this vessel immediately distal to the origin of the vertebral arten The 
opaque material entered the vertebral artery and was traceable to the base of the skull 
(Fig yB) 


Comment Here retrograde arteriography was useful in showing that 
there was no aneurysm present 

Case 10 ^This 67-year-old woman was admitted to the Franklin Hospital because 
of the development of small circumscribed areas of induration with inflammation in the 
skin of her toes In March of 1949 a left femoral arteriogram was performed with an 
18-gauge needle, 20 cc of Thorotrast being injected at the height of a ValsaUa mancmer 
Occlusion of digital vessels was demonstrated (Fig 8) 



Fig 8 (Case 10) — Femoral arteriogram with ValsaUa nianeincr 
showing clear delineation of digital vessels Note multiple areas ot 
arterial obliteration 


Comment The use of the Valsalva technic made possible a sufficient ton- 
entration of Thorotrast m the smaller vessels so that the digital vessels con 

ctually be visualized 

Case 11 — This 32-year-old man w^as shot in the right 
948 Two weeks after his injury the patient was observed to ha^ 
anil over the right femoral vessel just below the 

f the femoral vessel caused a pulse decrease of 90 beats / ^ rctmrnd'' 

An unsuccessful attempt to visualize the right femoral vessc^v^^^ 

rteriography from the left common D,o,in-:t. thro.ph an i'- 
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Comment This is the first case in which we were unable to demonstrate 
an arterio-venous fistula, and retrograde carotid arteriography probabh 
should have been pei formed Surgery demonstrated two arteno-i enoib 
aneurysms 


Case 12 —This 63-year-old man was admitted to Franklin Hospital in Iilarcli of 1040 
because of intermittent claudication in his right leg and thigh of one j ear’s duration 
Physical examination showed a faint right femoral pulse but no pulsations distal to tlii^ 
point The arterial pulsations of the left lower extremity were normal The left common 
femoral artery was exposed surgically Through a iS-gauge needle 50 cc of prelicated 
35 per cent Diodrast were injected m a retrograde fashion, after the blood pressure had 
been reduced to a low level by a Valsalva maneuver Serial films were taken beginning 
when about 35 ec of the Diodrast had been injected The same procedure was then 
repeated without the Valsalva maneuver Each injection required 3 to 4 seconds for 
completion In the films taken during the Valsalva maneuver, the Diodrast was seen 
at the level of the renal artery The films demonstrated a filling defect w’lth a crater in 
the right common iliac artery with obliteration of the lumen for inches (Fig 9) 


Comment The arteriogram was helpful in this case in locating the area 
of obliteration, and right lumbar sympathectomy has given marked relief 

Case 13 — This 2S-year-old veteran was admitted to Franklin Hospital for circuhtorj 
study m the Veterans Administration Vascular Research Project as set up the Sub 
committee on Vascular Surgery of the National Research Council This patient had 'in 
tamed a shrapnel wound resulting in two arterio-venous aneurysms, one of the right 
popliteal artery and one of the posterior tibial artery and vein These were repaired In the 
senior author (N E F) The pulses were present in both extremities, howeier, the 
pulses in the right foot were diminished in comparison to those of the left Artenographj 
had previously been attempted in an army hospital, resulting in extravasation of Thoro- 
trast into the femoral area and subsequent development of an indurated mass in tlic 
femoral triangle For this reason retrograde arteriography was selected 

The posterior tibial artery was exposed two inches above the medial malleohi' 
Inasmuch as an ordinary sharp-bevelled needle was found to lacerate the wall of the siin 
vessel, making pressure injection difficult, a round Lindemann cannula was used 
technic may be advisable in injecting small arteries A Valsalva maneuver was imlntci 
and at its height 20 cc of 35 per cent Diodrast were injected in a retrograde fasliion an 
serial films were taken, the first film being taken wffien the Diodrast had been half 
Following this procedure the posterior tibial pulses could be felt distal to the pom 
injection In this patient a completely normal popliteal and posterior tibial arterv we 
demonstrated following reconstructive endo-aneurysmorrhaphy (Fig 10) 

Comment In this patient it is demonstrated that it is possible to 
the mam arterial channels of the leg and thigh by retrograde injection 
interesting to note the persistence of collaterals five years after repair 0 
ai teno-venons fistula 


DISCUSSION 

In the year 1740 there was published m Venice a treatise ^ 

“The Wo7ks of That Most Celehated Man, Antomo ^ the 

Tiaet on the Hnman Eai and His Anatomical Disseitahons 
kindness of Professor J B deC M Saunders of the / 5,^, i,e.n 

University of California Medical School, 3„ppurat.o. 

made from Valsalva’s observations on the physio-patholo^j 


111 the middle ear 
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“I say that if by closiiie of the mouth and nose the air contained 
iMthin IS compiessed, then pus may be fieely extiuded by this act ” 

The Valsalva inaneuvei has been used m physiological experiments, both m 
the expeiimental animal and in human subjects, as a means of alteimg cardio- 
vasculai heinod) namics Biuck® conducted extensive studies on the cardio- 
vasculai changes pioduced, and lefeis to the Valsalva maneuver as a well- 
known physiological phenomenon Wiggeis" has discussed the mechanism of 
the changes in pulse and blood piessure and in 1923 published a pulse tracing, 
taken with optical lecoiding, of the alteiations which took place when the 
intiathoracic piessuie was suddenly inci eased This maneuvei has been used 
extensivel}'- by Wilkins and his collaboiatois^* ® as a means of evaluating the 
sympathetic innervation in patients with hypei tension The period of foiced 
expiration w'as limited to ten seconds m then cases, and chief interest was 
focused upon the use 111 blood piessuie folio wmig lelease of the glottis 

In the senes of patients heie lepoited the Valsalva maneuver was used 
chiefly to depiess the caidiac output If the intiathoiacic piessuie is increased 
for a longer period than ten seconds, almost complete suppiession of the pulse 
can be obtained in the majoiit} of cases, and as showm m Fig 2, the blood 
pressure can be reduced to low levels It is piobably significant that the only 
case m this series in which it was impossible to visualize the arterial system 
successfully with the use of the Valsalva maneuvei was Case ii This 
patient had a large aiterio-venous fistula, involving the light femoial arteiy 
and vein The failure of the \’'alsaha maneuvei to allows letrogiade flow'- of 
the radiopaque mateiial may have been due in this case to the fact that the 
laige communication between arteiial and ^enous s} stems lesulted m such a 
rapid filling of the light side of the heait that it was impossible to reduce 
the cardiac output by means of increasing the intiathoiacic pressure 

The Valsalva maneuver is not wnthout danger, especially m patients with 
degenerative cardiovascular disease During the peiiod of hypotension result- 
ing from the reduced cardiac output, there may be sufficient anoxia, both of 
the myocardium and of the biain, to pioduce iiieversible changes, or even to 
produce intravascular thrombosis It is possible that in Case 5, the coronary 
occlusion wffiich developed a few^ hours aftei this piocedure may have been 
due to the low^ered blood pressuie associated wnth the Valsalva maneuver 
On the other hand, m patients with pre-existing hypei tension, as Wilkins has 
shown,^ the hypertension follownng release of the forceful expiration may be 
sufficient to cause the ruptuie of some w^eakened segment of the arterial tree 
The demonstration of ladiopaque mateiial within the walls of the dilated 
thoracic aorta m Case 5 can only have been due to a rupture of the intima of 
the aoita at the time that the ladiopaque material was within the lumen 
A third possible danger in the use of the Valsalva maneuver arises from the 
fact that the concentration of radiopaque material wnthin the vascular system 
IS greater than wathout the use of this procedure Special precautions should 
therefore be taken to prevent this material in concentrated foim from leaching 
portions of the vascular system wdiere it may produce injury In Case 2 and 
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in Case 7, it is probable that the complications which developed resulted 
from the high concentration of 70 per cent Diodrast in the intracranial 
arteries Although we have encountered no instances in which myocardial 
injury was produced by the entrance of 70 per cent Diodrast into the 
coronary arteries, it seems possible that with the injection of 70 per cent 
Diodrast in a retrograde fashion into the right or left common carotid arterj, 
a sufficient concentration of the dye could be present in the aorta to allow some 
of the 70 per cent Diodrast to enter the coronary circulation 

Arteriography is not a harmless procedure, and it is our opinion that it 
should be used only in those cases in which the visualization of the vascular 
system can contribute to a better understanding of the pathological process 
and to the treatment, medical or surgical, in the individual case 


SUMMARY 

Radiographic visualization of the vascular system requires a high local 
concentration of radiopaque dye In large vessels where the volume llov of 
blood IS great, the injected dye is rapidly diluted and visualization is diffi- 
cult Temporary diminution of the cardiac output by means of the Yalsaha 
maneuver (forced expiratory effort against the closed glottis) permits injec- 
tion of radiopaque material into a major vessel containing relatively stagnant 
blood With subsequent return of blood velocity, which occurs 11 hen the 
patient exhales, this material tiaverses the arterial system as a bolus in suffi 
cient concentiation to be visualized in successive roentgen ray films This 
technic has been used in 13 patients, by both direct and retrograde arten 
ography for visualization of the thoracic and abdominal aorta, as well as of the 
major peripheral aiteries Satisfactory visualization was obtained m ten ot the 
13 cases The dangers of the successive hypotension and hypertension 
produced by this maneuver are emphasized 
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Discussion — De Reginald H Smithwick, Boston I have not had any ex- 
perience with the Valsalva maneuver in arteriography, but Dr Wilkins and I have 
been very much interested in it as a means of studying reflex control of blood pressure 
in normotensive and hypertensive patients 

I would like to show one slide because I think it will illustrate very clearly the 
liemod3mamics that are concerned in this maneuver which Dr Freeman has taken 
advantage of in arteriography 


RESPONSE TO VALSALVA TEST 
BEFORE AND AFTER 
LJUMBODORSAL SPLANCHNICECTOMY 


3IB 



In our studies we have made continuous records of blood pressure by means of 
intra-arterial recordings with a Hamilton manometer The above figure is an illustra- 
tion of a Valsalva maneuver as we carry it out in the study of hypertension The solid 
line IS the preoperative observation, and the shaded chart indicates the effect of a 
thoracolumbar splanchnicectomy upon blood pressure 

During the ten-second period of forced expiration against a positive pressure of 
40 millimeters of mercury, as Dr Freeman has indicated, the blood pressure falls 
precipitously, as shown here, because of decreased venous return and cardiac output 
When the expiratory period ceases the blood pressure falls for one pulse beat after 
the period of expiration, and then during the succeeding five pulse beats over a period 
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of about five seconds there is this extraordinary overshoot of blood pressure to \cn 
high levels In this case it went to 318/16S It shows that this maneuver can result n 
tremendous overshoots of blood pressure, and may be hazardous 

Following the denervation of a large vascular area, as shown by the tracintr tlic 
blood pressure falls in a similar fashion during the Valsalva maneuver, but after tint 
there is a very much less precipitous rise in pressure, which in thoroughly deiiernted 
patients gradually comes up to the previous base line but never overshoots it Tins \\c 
regard as one of the very important physiological effects of extensive sMiipatliectoim 
and believe it to be of considerable therapeutic value in the management of hypertension 
I might say that these same sort of responses may be seen in patients with 
coarctation of the aorta, and they may have marked overshoots as judged b) tiic 
Valsalva maneuver, as many hypertensive patients do That, incidentally, is the ratioinle 
for our having operated upon a series of patients with coarctation of the aorta tint 
.ire beginning to get into difficulty m the older age group We hope that hy modihing 
these reflex variations m blood pressure, tbe progress of cardiovascular disease will 
be slowed So far, the patients seem to have done very well, although we have onlj a 
small series and some cases have been observed for only a short period of time 

The abolition of the sharp overshoot following the Valsalva maneuver can alMi 
be accomplished by means of sympatholytic drugs I mention that simply because it might 
be that if this period is hazardous in arteriography, the use of a short-acting sun 
patholytic agent given prior to the maneuver might eliminate some of the comphea 
tions Dr Freeman has mentioned It might also not in any way interfere with the 
success of the arteriography, and, because of the slower rise in blood pressure, might 
give a longer period of time to expose the films 1 

Dr Norman E Freeman, San Francisco I want to thank \Dr Smithwick for 
his very valuable suggestion I believe his suggestion of the use of some sjmpathoKtic 
drug to prevent the marked overshoot is an excellent one 

In general, I have emphasized the hazaids of this maneuver because of the fact 
that it IS dangerous procedure, and that we hesitate to employ it, especially m the older 
age group I feel, however, that in some cases it is the only way m which an effcctnc 
arteriogram which will determine therapy can be obtained 

Of the total number of cases in which this maneuver was used — I think there wen- 
about 17 cases — I have emphasized the three complications we have had, two m w'lC' 
the dye reached the intracranial circulation, and one who had an extravisation 0 nc 
dye into the walls of the aorta The other 14 cases showed no undesirable side c 
In general, I think it is advisable to expose the artery, since this materia is u 
jected very rapidly by an assistant, and it is wise to have the needle coniiecte 0 
syringe by means of a short section of rubber tubing to prevent the needle rom 
dislodged by the forceful injection 
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Thrombosis or the aorta, insidious in nature, and not the result of 
so-called saddle embolus, is a disease rarely observed and reported In the 
last 20 months, ten patients have been seen with this condition Although 
reports in the literature of embohc obliteration of the bifurcation are num- 
erous, those of tJu ombosis of the terminal aorta are noticeably few Little 
effort has been made to differentiate between the two entities despite the fact 
that both were described as early as 1814 by Graham ^ 

A case reported by Barth^ in 1848 is one of the' first in which tnstdtous 
obhtei ation of the aorta was considered In this patient, a cylindrical thrombus 
developed and extended from the superior mesenteric artery to the aortic 
bifurcation, leaving a narrow channel for the flow of blood The author 
observed that no circulatory changes were manifest at onset, but numbness 
in the lower extremities and intermittent claudication became apparent at a 
later date 

In most instances, reports have been made of groups of patients with 
embolism, with or without secondary thrombosis, in addition to those having 
primary thrombosis of the aorta In 1898, Welch® collected all the reported 
cases of thrombosis and embolism of the terminal aorta In this group of 59, 
14 were considered to be thrombotic, and of these, seven were primarily 
thrombotic In 1923 this lesion was again reported by Leriche^ In 1940, he 
described the symptom complex and diagnostic criteria, and reported "five 
cases in which the diagnosis was clearly substantiated at operation ® 

In 1943, Greenfield® reported 156 cases of thrombosis and embolism of 
the abdominal aorta, including five of his own, and the group previously 
reviewed by Welch No clinical differentiation was made between the two 
conditions Holden (1946)'^ reported two cases of thrombotic occlusion of 
the aorta treated by sympathectomy with good results Recently (1948), 
Leriche® published a classic description of the syndrome of obliteration of 
the terminal aorta by thrombosis and its differentiation from occlusion by 
an embolus 


ETIOLOGY AND PATHOLOGY 

The- bifurcation of the aorta is the site at which atheromata are most 
likely to develop, and at which arteriosclerosis is intensified, often with the 
production of ragged, calcified, ulcer-like areas m the intima Thus it is a 
susceptible point for the formation of a thrombus with ultimate narrowing 


* Read before the American Surgical Association, St Louis, Mo , April 20, 1949 
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and constriction of the lumen Gross and Philips^ m 1940 pointed out that 
thrombosis of the abdominal aorta may occur in the presence of an ulcerated 
arteriosclerotic plaque, a dissecting aneurysm, arteritis, or congenital narrow 
mg of the aorta Why it is not a more common observation at autopsi in 
patients with severe arteriosclerosis at this site is not known 

As Leriche® has pointed out, the thrombosis may be progressive in that 
it frequently arises in the iliac arteries and propagates upward to eientualK 
obliterate the aoitic lumen at the bifurcation and just above that point Death 
frequently results from hypertensive cardiovascular disease and uremia uhicii 
follows the progression of the thrombus up to and above the origin of the 
renal arteries 



Fig I, Case 2 — Resected bifurcation of the aorta showing 

thrombus 


Examination of the excised bifurcation of the aorta in one of the case, 
reported here revealed findings typical of this disease (Fig i) The speciniei 
consisted of a segment of the aorta and common ihac arteries, 5 ^ ' 

occluded by a thrombus There was calcification m the wall of the 
in the thrombus Microscopic examination showed marked 
ation in both the aorta and the iliac artery There were large calcifie p aQ 
between the media and the intima with areas of degeneration of the me i< 


SYaiPTOAIATOLOGI ^ 

The predominant symptoms in the patients observed vere pain in 
and legs, easy fatigability, and intermittent claudication in the owe 

ities (Table I) foUfribiliti niifi 

Next to pain, the most pronounced symptom was easy 

weakness in the thighs and legs wdien walking Loss 0 sus am 

frequently' an additional symptom 
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The average duration of symptoms in the ten cases was seven yeais, 
although the progression of symptoms and physical changes was not identical 
in each patient The two patients with the most severe symptoms and pro- 
nounced trophic changes developed them within the shortest period of time 

DIAGNOSIS 

The diagnosis may be made from the history and physical examination 
The most common obseivation, and present m all but one instance, was the 
absence of peripheral pulsations, including the femoral, in the lower extrem- 
ities Of equal significance was the absence of pulsation in the abdomen 
below the umbilicus 

Trophic changes, such as thickening and roughening of the nails, and loss 
of hair were noted Moderate pallor on elevation of the lower extremities 


Table I 


Table II 


SYMPTOMATOLOGY 
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Table I —The predominant symptoms of 10 patients with thi ombosis of the hifm cation 

of the aoita 


Table II — Instrumental findings on 10 patients with thrombosis of the bifurcation 

of the aoi la 


was another noticeable finding Rubor and cyanosis were observed in some 
instances with the extremities in a dependent position Gangrene and atrophy 
were usually absent, and were seen in only three of our patients In the 
others, the absence of physical changes which might be expected with oblit- 
eration of such a large and important component of the circulatory bed is 
singularly significant This is probably accounted for by the insidious nature 
of the disease and the development of abundant collateral channels 

Thrombosis of the aorta is easily differentiated from embolus to the 
terminal aorta In the former, the onset is unsuspected because the symptoms 
are mild, while in the latter, the onset is sudden and the pain severe In both 
conditions the pulsations of all vessels below the umbilicus are usually absent 
Changes resulting from severe circulatory insufficiency are noted immediately 
in the lower extremities following embolus Coldness to touch, hypesthesia, 
frequently anesthesia, and abnormal pallor become apparent immediately In 
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chrombosis, these changes appear late, often years after the onset of s}niptonh 
In both conditions, unless treatment is instituted, gangrene and iikeration an 
the ultimate outcome, occurring in a period of days in patients with enibol! 
after years in those with thrombosis 

Instrumental observations yield useful information and are included in 
this study to substantiate clinical evidence, but are not essential tor diagnoa- 
Skin temperatures, oscillometry and ballistocardiograms were recorded Cii 
each patient Ballistocardiograms of a normal person and of a patient nidi 
thrombotic obliteiation of the bifurcation of the aorta are presented for com 

A 



B 

Fig 2 — Ballistocardiogram oi A, normal 
and R, patient with thrombotic obliteration oi thn nuur 
cation of the aorta (See footnote for explanation o 
wave chanees ) 


The Nickerson modification of the balhstocardiograph ^ incorporsicd 

has a low, natural undamped frequency of i 5 from the initial impfcU are 

critical damping mechanism Only the ° ular systole, being 

recorded, the remainder, occurring subsequent to ventncula ^^y p,;,, 

out Thin renders the Nickerson apparatus ^i the 

with thrombosis of the bifurcation of the aorta or ^ 

these initial impacts that aberrations from the normal (jeu ^ ballistocardiognm nl ^ 
There are only three waves which are of recoil following the h 

type The first of these (I wave) is from a footward reco deflection (J 
ejection of blood during ventricular systole A gre^ > and pntonnan a 

then follows as the column oi blood in the heart, ancen | fojjous and is ««« 
iffirst decelerated A footward force, producing the peripheral ren tar-^_ 

impact of the column of blood in the ^^?'i“^'”^|rr\vhich appears to be rha«^ p, ' 
It IS m this latter wave that an abnormality occurs ‘j ,nd,vidual, the ^ j, 

patents with tbrombos,, of The I t"” '» tballoe, »' {« rs' 

curves described nbove approaches oo d g magnitude When the knihiir 

waves are approximately equal m P _ the column of blood in the i|ttcr'’l 
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parison (Fig 2 A 3 See footnote) The findings obtained on each patient by 
these examinations are presented in Table II. 

Roentgenographic examination of the aorta in the cases so examined fre- 
quently showed extensive calcification In two instances, an aortogram demon- 
strated the exact level of the site of obliteration (Figs 3 and a) 



Fig 3, Case 3 — Aortogram showing 
obliteration of the aortic lumen at the 
level of the second lumbar vertebra 



Fig 4 — Case 10 — Aortogram (re- 
touched) showing obliteration of the aortic 
lumen at the level of the first lumbar ver- 
tebra The right renal vessel's are seen, 
but the left renal vessels are not visualized 
Collateral circulation is greatly increased 


PROGNOSIS 

With any method of tieatment, the prognosis is grave, due to the under- 
lying nature of the disease Death usually results from the complications of 
arteriosclerosis coronary occlusion, iiiemia, or the effects of hypertension 
after the thrombus has extended up to and above the renal arterial orifices 
It may result from gangrene and infection in the extremities However, cer- 
tain measures are frequently of value in improving the circulation and in 
relieving symptoms 


TREATMENT 


Treatment is based on the tenets set down by Lenclie He has stated^' ® 
that the ideal treatment would be to resect the obliterated zone and to bridge 
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that time he had also de\ eloped an ulceration of the right leg, \\hich was c\trcnicl\ nim- 
ful and had progressively enlarged 

The amputation stump of the left leg was well healed The right foot and toes bccwie 
pale on elevation, and ruborous on depcndencj An ulceration was present on the riplu 
leg Pulsation of the abdominal aorta could be felt, but no pulsation of anj ^cs■:cls were 
palpable below' the umbilicus 

Treatment A right lumbar sympathectomy was performed The skin surface tem- 
peratures increased, but there w'as ver\ little relief of pain m the area of ulceration The 
patient left the hospital before treatment was completed 

Case 8 — R C, a 6o-year-old white male, was seen on August 2i, 1948 Tor 10 
years he had suffered from cramps in the right leg on w'alking One jear prior to exam 
ination, his symptoms became markedly exaggerated follow'ing an illness due to food 
poisoning The claudication became so severe that he was able to walk onh 10 to 12 
steps before developing pain on the right He noticed back pain and loss of power of 
sustained erection One month before examination he developed small, gangrenous ulcer^ 
on the third, fourth, and fifth toes of the left foot, which had failed to heal 

Numerous petechiae w'ere present in the skin on the left foot and ankle The foot 
became markedly blanched on elevation and ruborous on dependency Similar color 
changes were present in the right lower extremity, but to a lesser degree Trophic 
changes w'ere present in the skin of both feet 

Treatment A bilateral lumbar sympathectomy w'as performed with rcmo\al of tlic 
first, second and third lumbar ganglia Exploration of the abdominal aorta reiealcd it 
to be thrombosed from the bifurcation of the iliacs to the lex el of the inferior mesenteric 
artery Since calcification of the arterial wall w’as intense, resection of the thrombosed 
segment was not performed 

The ulcerations on the foot healed and the areas of gangrenous ulceration disappeared 
The patient became ambulatory, and was able to return to his w’ork, using onh a cuic 
to aid in W'alking Five months after operation, he died suddenU from what was pre- 
sumed to be a pulmonary embolus or coronary occlusion No autopsy w'as obtained 

Case 9 — G L, a 6o-year-old white male, was seen on June 10, 1948 He ga\c a 
history of claudications m both legs for 5 years, w'lth greatly increased difficult) diiriiic 
the 6 months preceding examination Numbness, redness and increasing pain m the right 
foot had also been noted There w'ere slight trophic changes in the nails and hair of the 
toes There w'as pallor of the right foot on elexation, and rubor on dcpendenc) Ml 
arterial pulsations w'ere absent in the extremities, except for a faint femoral pulse on 
the right 

During five months of observation he developed progressive trophic changes m the 
skin of his right and left feet, and an ulcer on the third right toe On re-cxaminatiori he 
was found to have no arterial pulsations befovv the umbilicus 

Treatment A bilateral lumbar sympathectomy was performed with removal of the 
first, second and third lumbar ganglia Palpation of the abdominal aorta revealed it to 
be thrombosed and involved in a severe atheromatous process 

Following operation, the ulceration on the tip of the third toe healed promptlv mt 
the pregangrenous areas on the foot resolv'ed The patient was able to return to worh 
and has experienced greatly increased tolerance for exercise 

Case 10 — F D, a sS-jear-old white male, was seen on December 29, 104S 
plaining of tiredness weakness claudication, and easy fatigabiht) of Ins legs on activitv 
of mild degree Those svmptoms had gradualN increased in seventv for J2 vears 

Examination revealed no trophic changes or skcletiration of the cxtreniitit' 
abnormal color changes were present on elevation and dependenev No artern! pu satio-rs 
could be patnated below the femoral arterv, but definite femora! pulsations were 
hilaterallv Pulsations of the abdominal aorta were present but iliac pulses wire n 
perceptible 
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An arteriogram of the aorta revealed a block below the right renal arteiy There was 
no filling of the left renal artery, and no kidney function could be demonstrated on the 
left (Fig 4) 

Ticatment This patient has been advised to have a bilateral sympathectomy 

SUMMARY 

The diagnostic ciiteria, etiology and pathology of insidious thrombosis of 
the aorta is presented 

The histones of ten patients are presented, and their treatment described 

A review of the literature reveals a paucity of case reports, but it is 
believed that this disease is more prevalent than is assumed 
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Discussion — ^Dr Emilf Holman, San Francisco I should like to report on four 
patients with obstructive calcification of the terminal aorta upon whom we have 
operated in the last ten years The first one was a young woman of 45 who came to 
us in 1940 and who presented at operation a very thick plaque at the bifurcation without 
evidence of calcification, but producing complete obstruction At the present time, 
she shows beginning calcification in this short segment, the only part of her body 
Mhere we can demonstrate it It is an interesting condition, probably preliminary to the 
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development of extensive calcification seen m three other patients This patient hid a 
bilateral sympathectomy and is greatly imprmed so far as the predominant simptotm 
are concerned, one of which ia'hs the constant realization that she had a \eri Mgoroush 
beating abdominal aorta, a phenomenon nhich really bothered her a great' deal Since 
the sympathectomy this has disappeared Also, numbness of the extremities extending 
well up to the pelvis following the slightest exertion, has disappeared 

The second patient, s6 j'ears of age, presented herself with an indolent ulcer oi 
the heel incident to peripheral ischemia due to calcification of the terminal aorta This 
has finally healed nine months following bilateral sympathectomy 

A third patient of 65 presented the usual symptoms shown by Dr Elkin’s patients— 
namely, easy fatigability and calf pain on the slightest exertion This patient also Ind 
extensive obliterative calcification of the terminal aorta and peripheral ischemia, for 
which a bilateral sympathectomy was done, with great improvement Whereas before 
operation fatigue and pain developed after walking ten or 20 feet, she now can walk 
a block and more with comfort 

A fourth patient who also presented the same phenomena detailed by Dr Elkin 
was operated on by Dr Gerbode of our clinic who also performed bilateral lumbar 
sympathectomy with marked improvement It is our opinion that resection of the 
calcified aorta, as advocated by Lenche and his co-workers, is too hazardous for the 
gam obtained, and that bilateral lumbar sympathectomy will provide as much improic 
ment as can be expected 


Dr Mims Gage, New Orleans, La I have enjoyed Dr Elkin’s paper very much 
and consider it most appropriate because we are seeing an increasing number of paticiifs 
with Leriche’s syndrome 

I recently saw a dentist less than 50 years old, who could not continue practicing 
because of the weakness of his legs He had typical Leriche’s syndrome — weakness of 
the legs, claudication in the calf muscles and increasing impotence A bilateral sjni 
pathectomy was done The aorta was not ligated because of the extensile arterio- 
sclerosis 

I would like to call attention to the same type of syndrome in patients who hue 
pronounced arteriosclerosis of the abdominal aorta with tortuosity but no thrombosis and 
with pulsations in the aorta, iliac and femoral arteries The pain and discomfort m 
the lower extremity may be due to sj mpathalgia, i c , irritation of the aortic S) m- 
pathetic plexus from the arteriosclerotic aortitis It is surprising how many of these 
patients have systolic murmurs over the bifurcation of the aorta as ivell as o\cr the 
external iliacs This, of course, is due to segmental narrowing of the aorta and iliac« 
by arteriosclerotic plaques Some of these patients have minor symptoms of the Lenche 
syndrome, whereas others have no svmptoms It will be most interesting to obscnc 
these patients oxer periods of time to see if the syndrome so accurately described bi 
Dr Elkin develops in them 

We should all be on the alert for these cases, and I would strongly advocate tint 
we listen to the aortic and iliac arterial sounds m all patients whom vve examine 

Dr Norman E Freeman, San Francisco We also have encountered patients with 
absence of pulses below the groins, and vve have been able to visualize these arteries i> 
means of retrograde arteriography, using the carotid approach I have one slide 0 
illustrate the fact that occasionally it is possible to have veo marked obliteration an 

still have a small lumen Th/«re 

(Slide) This patient, a man of 6S, had absent pulses in both femoral areas i 

was marked distortion of the aorta with almost complete occlusion However, 

is a small lumen present, and apparently the dvc is able to 

collaterals The middle sacral artcrv fills, and the left iliac artery fills nirlv vve 
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the right side, the other vessels aic also filling There is maiked obstruction of the 
aorta just below the origin of the renal arteries, and yet both femorals fill through 
collateral \essels 

Dr Fredirick L Ri ichlrt, San Francisco This claudication business in the thigh 
might well be due to shutting off the lumbar segmental artery In cutting out the 
coarctation of the aorta, the segmental arteries are divided It might be well to preserve 
them So in thrombosis of the aoitic bifurcation segmental arteiies are shut off 
I think a sympathetic innervation would be much more to the point 


427 



QUANTITATIVE STUDIES ON THE TIME FACTOR 
IN ARTERIAL INJURIES'" 

Harry H Miller, M D , ajjd C Stuart Welch, M D 

BosToyr, Mass 




The period during which an extremity, deprived of its major source of 
blood, remains ischemic is a factor of particular importance influencing the 
chance for survival upon restoration of its circulation The disappointing 
results which were obtained in the treatment of arterial injuries in the 
observed in World War II could be attributed to some extent to the coumiI- 
erable "%me lag” or period elapsing between wounding and receiving surgical 
attention Long periods of ischemia with necrosis of tissue associated vitli 
thrombosis of small arteries may produce a leg that is beyond recoien 
Progress in the field of early definitive surgerj^ was disappointing in Work) 
War II The number of immediate anastomoses of severed arteries vas 
relatively small although an advance was made in this field as compared vitli 
the number done in World War I ^ ® The incidence of necessary amputation 
after femoral or popliteal injury treated by ligation was high"'® In the 
experience of one of us, gangrene of the leg occurred after ligation of tlic 
femoral or popliteal arteries in 70 per cent of patients It is true that not 
much more than ligation was possible or advisable in many instances It must 
be said, however, that a vast field for improvement in the management of 
arterial injuries remained at the end of the war In retrospect, several sliort- 
comings in the overall management of vascular casualties seem to stand out 
after analysis of the recorded experience In the first place it was not full) 
appreciated that anastomosis of the arterj’^ was essential for good results, 
although Blakemore strong^ advocated the use of his non-suture method in 
battle casualties'*^ A program whereby casualties ■with arterial vounds might 
be detected early and receive priority treatment was not attempted The gen- 
eral lack of surgical experience with arterial anastomosis in the absence of a 
highly satisfactory technic applicable to all cases also contributed to the iiiisatis- 
factor)’^ end results In a previous work ue have studied several methods of 
arterial anastomosis in experiments in which tlie survival of the dog’s leg 
depended upon one artery which had been interrupted and rejoined The 
results of these experiments exonerate all types of intima-to-intima anastomosis 
as an important primar)^ cause of gangrene and failure m the salvage of hmh' 
Our findings m these expenments performed on dogs indicated that approxi- 
mately So per cent of legs depending on a single anastomosed arteiy vdl 


* Read before the ^loencan Surgical Association St Louis, ^to, Xpril 20 lOfi 
This work was aided in part b\ a grant from the United States Public Utalth "'cr'.KC 
and the Charlton Rcscarcfi Fiiiid of Tufts College Me lira] Scliool 
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survive and be restored to nearl}-- normal under clean wound conditions if 
there is no appreciable period of ischemia or “time lag 

In the piesent work we wish to present a study of the “time factor” in 
acute arterial injuries The ideal time for restorative surgeiy is considered to 
be under six or eight hours ^ Not much hope has been held for the success of 
anastomosis procedures after this time insofar as salvaging the leg is concerned 
Clinical data on the survival of human legs after various periods of acute 
ischemia followed by lestoration of the blood supply by anastomosis is insuffi- 
cient Furthermore, the variation in the extent of the wound and the amount 
of functioning collateral circulation remaining in the clinical case makes an 
accurate evaluation of the time factor difficult as a single item The following 
experiments were projected to obtain data on the survival of extremities in a 
series of dogs subjected to varying periods of acute ischemia under conditions 
which have been sufficiently standard to have significant validity 

EXPERBIENTAL METHOD 

The procedure to be described was carried out on 63 dogs Immediate 
mortality and death from causes not related to the leg left 57 animals for 
evaluation Three separate groups of dogs were subjected to periods of acute 
ischemia as follows Group I for i to 6 hours, Group II for 12 to 18 hours. 
Group III for 24 to 30 hours A standard procedure for producing arterial 
injury and acute ischemia and for restoration of the circulation was used in 
all experiments 

The arteiial mpuy and period of ischemia Acute arterial injury was pro- 
duced by utilizing a modification of the Halsted-Reichert leg transection 
replantation procedure After an especially careful skin preparation, a 
transection of the soft tissues of the leg was made in the mid-thigh region of 
anesthetized dogs The femur, the femoral and sciatic nerves, the femoral 
artery and femoral vein were preserved Anatomical replantation of the leg 
was then performed At the end of this procedure the femoral artery was 
ligated and the vessel was effectively occluded throughout the desired period of 
ischemia This preparation cuts off the main artery of supply and all collateral 
routes for blood via the soft tissues Although a small amount of blood may 
reach the distal extremity beyond the transection by way of the medullary 
cavity of the femur, it is insufficient to sustain life m the leg Previous work 
by Reichert^® and by Callow and Welch^^ has shown that ligation of the 
femoral artery m this transection replantation preparation is followed by 
gangrene of the leg m 100 per cent of animals This work established the 
controls for the present experiments 

During the period of ischemia the wound was completely closed and the 
leg was encased m a plaster of Pans splint for immobilization and avoidance 
of contamination During the ischemia the animals were kept at ordinary room 
temperature at 70 degrees to 80 degrees Fahrenheit 

The lestoiation of cncxdation At the conclusion of the ischemic period, 
the ligated femoral artery was exposed under aseptic conditions It was then 
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prepared for anastomosis by trimming off a cuff of ad\entitia The ligated 
portion of the femoral artery was then excised Thrombosis at the ■;it'c ot 
ligation was observed in less than 20 per cent of the arteries and when found 
was confined to the proximal segment A good pulsating blood How wa^ 
demonstrated at the proximal end of the artery before anastomosis The con- 
tinuity of the femoral artery was restored by inserting an arterial graft between 
the severed ends The suture technic was employed in all expenments The 
graft w^as held in place by stay sutures and the anastomosis w-as completed b\ 
a continuous lock stitch The technic of arterial graft was especialh useful in 
these experiments since it permitted anastomosis wuth minimal tension in this 
situation in w^hich a portion of the femoral artery had been excised The use 
of a graft or bridging procedure is essential m the majority of clinical arterial 
wounds because extensive injur})" to the vessel involves loss of vessel substance 
making direct end-to-end suture difficult and hazardous The application of 
arterial grafts to the problems of arterial injury w'as suggested to us b} the 
recent work of Gross and his associates^'* Autografts from the opposite 
femoral artery w'^ere used in 16 per cent of our experiments Fresh homo- 
grafts taken from other dogs w^ere used in 24 per cent of the anastomoses and 
homografts preserved for varying periods were used in 60 per cent These 
preserved or “bank” homografts w'ere stored in a fluid medium at temperatures 
several degrees above freezing for as long as three weeks before the) were 
used Anticoagulants w^ere not administeied in these experiments either during 
operation or in the postoperative period 

During the course of the long transection replantation procedures intra- 
venous fluids along wnth transfusions of wdiole blood were given An initial 
dose of 300,000 units of penicillin wms administered prior to operation and 
was continued wuth a daily dose of 150,000 units for 7 to 14 days At the 
restorative operation wounds w^ere completely closed and no dressings were 
applied 


EXPERIMENTAL FINDINGS 

The experiments conducted allow obseiw’^ations upon three aspects of tlie 
problem of arterial injury ( i ) the survival of ischemic legs after restoration 
of circulation, (2) the effectiveness of femoral arter)’’ grafts as a method 0 
anastomosis, and (S) the late functional results in legs salvaged after different 
periods of ischemia 

Influc7icc of Poiods of Ischeoua on Leg Survival Group I The legs 0 
21 dogs were transected and reimplanted using the arterial graft anastomoci'^ 
after a period of ischemia ranging from one to six hours There were an 
approximately equal number of animals operated at the extremes of time i r . 
one and six hours In only two animals was the leg lost, representing a 9^ 
per cent salvage rate for this period of acute ischemia (Table I) ^ 

Group II Of the 26 animals whose legs were transected and 
ischemic for intenals ranging from 12 to iS hours, 13 lost vlicir legs 
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were approximately an equal number of animals operated at the extremes of 
time m this group The rate of leg survival was, theiefore, 50 per cent for 
the group of animals of this ischemia period 

Group III Ten animals did not have a restoration procedure performed 
until after 24 hours had elapsed Only two viable extremities were obtained, 
a survival rate of 20 per cent in this group It did not seem profitable to 
explore the late range of this 24 to 30 hour time period m more than two of 
the ten animals, in view of the findings in the first eight dogs, which were 
done after 24 to 26 hours of ischemia Results in these first animals demon- 
strated at once that the upper limit of time lag had been approached The two 
legs which survived were those of dogs with ischemia for 24 and 25 hours 
respectively 

The legs of the dogs in all groups were pulseless and cold during the 
ischemic period Skin temperatures approached that of the room in which 
they were exposed The ischemic part of the leg near the transection line in 
the thigh was noticeably wanner than the more distal parts of the lower leg 
and foot since it was wanned by the adjacent vascularized tissues of the thigh 


Table I — Restoration of 

Circulation after Acute 

Ischemia 


Period of Acute Ischemia 

Experiments Legs Survived 

Number Number Percent 

Group 1 ( 1 to 6 hours) 

21 

19 

90 

Group 2 (12 to 18 hours) 

26 

13 

SO 

Group 3 (24 to 30 hours) 

10 

2 

20 


The skin coloration varied from a marked pallor to deep cyanosis In Groups 
II and III having prolonged ischemia there was a firmness and inelasticity 
of the muscles which was accompanied by resistance to passive motion resem- 
bling rigor mortis 

After anastomosis had been completed, the legs became warm, the color 
improved and other evidences of restored circulation appeared Usually the 
temperature of the operated leg rose several degrees above that of the other 
side The mean rise in skin temperature was 14 5 degrees Fahrenheit at the 
calf as determined by a surface pyrometer The superficial veins of the leg 
became obviously distended In 80 per cent of the restored legs the pulse of 
the anterior tibial artery was immediately palpable at the ankle The legs of 
the animals in Group I were of normal size immediately following restoration 
while those legs in Group II and Group III presented a moderate to marked 
tense swelling involving the muscular tissues throughout the extremity In 
the transected replanted limbs of all groups there was a progressively 
increasing edema The swelling reached a maximum in the one to six hour 
group on about the fourth day On about the sixth postoperative day the 
edema began to subside and usually it had largely disappeared by the ninth 
day Reichert has shown that the disappearance of the edema accompanies 
the regeneration of lymphatics across the transection In the two longer 
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ischemic periods there was a more rapid increase in the edema so that after 24 
hours It was marked and maximal on the third da} Sex era] days more were 
required for its subsidence than m the one to six hour group of animal- 
When xvoiind infection xxas present disappearance of edema xxas further 
delax ed 

Discussion of Leg Faihacs The nature of the experimental procedure 
invited a high incidence of xvound complications The long operating time 
which was divided into two stages and the prolonged periods of ischemia both 
contributed to complications The importance of the interval of ischemia \\a'< 
evident when the rate of per primum healing was examined Sixty-txxo per 
cent of the wounds in dogs’ legs subjected to only one to six hours of ischemia 
healed per primum while the rate in those subjected to 12 to 18 hours xxn*: 
14 per cent In those having 24 and more hours of ischemia no wound healed 
without complication The extensive operative wound and the presence ot 
ischemic tissue offered an unequaled opportunity for bacterial invasion Posi- 
tive bacterial growths were obtained from 47 per cent of tlie xxounds that 
were cultured at the time of the restorative procedure in spite of all precau- 
tions used m handling these animals None of the cultures yielded Clostridia 



Table II 

— Analvsts of Failures after Restorative Surgerv 




Total 

Grift Tiilurcs 

\X oimd 
Complicitioni 


Ischemic Period 

Experiments 

Failures 

Primary 

Secondiiy 

(Intact Gnftl 


1 to 6 hours 

21 

2 

0 

2 

0 


12 to 18 hours 

26 

13 

1 

10 

2 


24 to 30 hours 

10 

8 

2 

3 

3 


All periods 

17 

23 

3 

IS 

5 


or anerobic Streptococci and none of the legs failed because of gas gangrene 
Penicillin therapy greatly reduced infection in these xx^ounds and it is possible 
that without it these ischemia experiments could not have been inx'cstigatccl, 
using the present technic 

The proximate cause of leg failure in 18 out of the total 23 xxas some 
accident that befell the arterial graft used to restore the circulation The 
other five failures xxere the direct results of xxmund complications at the 
transection site 

In Table II an analysis of the findings in legs that failed has been tai 
ulated The majority of the graft failures xvere found to be secondary to 
xx'ound infection xxuth deep abscesses and dehiscence Thrombosis of the gra t 
perforation of the graft by erosion, or disruption of the anastomotic suture m 
xx'ere variously found There xx^ere only three instances of primap g ^ 
failure, all of these had intraluminal thrombosis This loxv incidence 0^ 
primarj' thrombosis in the graft augurs well for their use. cspccia x 
anticoagulants xxere not used 

It xxas found that the muscle mass at the line of transection in t ic 
ardired portion of the extremit}’’ iiixariabl} succumbed first to the 
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ischemia This was due in part to the division which the transection effects 
of the small vessels usually supplying these muscles from above The earlier 
death of these tissues, however, was not related to this factor alone, since dogs 
in Group I sustained the lack of this source of blood as evidenced by the rate 
of per primum healing and normal recovery of the legs m this group It is 
probable that tissue necrosis at this level proceeds at an accelerated rate 
because of the higher local temperature As the time of ischemia was extended, 
the degree of tissue necrosis was reflected m the greatly increased incidence 
of wound complications that were followed by leg failure This finding can be 
explained satisfactorily only on the basis of degeneration of tissue to a point 
beyond which recovery was not possible after restoration of the circulation 
via the femoral artery 

The ischemic limbs of dogs m Groups II and III which were examined at 
post mortem showed grossly a softening of all the muscles, which was most 
evident just distal to the transection line In those of the 2 a to 30 hours group 
with far advanced changes there was actual liquefaction of the muscle tissues 
in the vicinity of the transection In addition, liquefaction was observed to 
occur in the central portion of the anterior tibialis muscles These findings 
are similar to the characteristic pathologic changes of early Volkmann’s 
ischemic contracture as Griffiths has pointed out The presence of these 
far advanced alterations m the muscular tissue indicated that the time limits 
of ischemia for leg survival imposed by tissue necrosis had been approached 
m the time period of 24 to 30 hours during which there had been deprivation 
of the circulation 

It may be speculated that thrombosis m the small end arteries supplying 
the muscle initiated, or simultaneously accompanied, muscle tissue death and 
that inadequate blood reached these tissues after restoration of the femoral 
artery Histological tissue studies of these animals’ legs are m progress 

Arterial Graft Anastomosis The requirement for anastomosis without 
tension in arterial injury in which excision or loss of some part of the vessel 
generally occurs is fulfilled by the arterial graft method This technic is 
superior to the vein graft method in a number of respects We believe that it 
IS easier to perform than the non-suture vitalhum tube vein graft technic of 
Blakemore, Lord and Stefko The artery graft is a sturdier bridge and does 
not result in the narrowing of the lumen that is unavoidable when metal cuffs 
are employed If autogenous grafts were an absolute requirement the disad- 
vantage of the arterial graft technic for patients would be obvious Suifably 
sized fresh autografts cannot be taken from the human subject without danger 
of impamng circulation to the part supplied The development of a “bank” 
for arteries removed from cadavers as suggested and utilized by Gross, how- 
ever, IS a practical solution to this problem The experimental conditions in 
the transection-replantation wound have subjected these grafts to a rigid test 
In one dog in the 12 to 18 hour group which had an extensive dehiscence of 
over half of the tissues at the transection site which left the femoral sheath 
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structures suspended without support, the arterj graft continued to function 
and to supply satisfactorily the distal leg until slow healing b} granulation 
took place In Fig i a roentgenogram of the injected arterial tree demon- 



Fig I — Arteriogram m an animal sacrificed at four months show ing a 
functioning preserred arterial homograft Arrows indicate the site of tiic 
graft Obsene tlie interruption of the major collateral arterial channel'' 
produced bj the prerious transection procedure at the lerel of the gratt 


strates an intact and patent graft in this same animal sacrificed when 
four months after the dehiscence A photograph of this graft appears m Fig 
There w as little difference in the earl} and later results w hether ircsh 
enous, fresh homografts or presera ed homografts were emplojcd A sinn ■ 
incidence of secondar} graft lailure occurred with all three l}pcs of 
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namely, 30 per cent, 23 per cent, and 24 pei cent foi fresh autografts, fresh 
homogiafts and preserved homografts lespectively The three primary graft 
failures with thiombosis weie represented b}'^ one case in each variety of graft 
There was no evidence 111 the couise of these experiments that the preserved 
graft IS any more susceptible than the fresh graft to the stress and infection 
encountered with wound complications The ready availability of the preserved 
grafts of several sizes fi om the artery bank constituted a definite convenience 
for this work 

Late Fnncfwn The most significant difterences in late function in those 
dogs suivivmg a sufficient time for evaluation were apparent between Group I 
and II animals Dogs subjected to only one to six hours of ischemia had 
partial use of their legs after one or two weeks and in six weeks they had all 


61 . 7 [ 


8 








Fig 2- — Photograph of the arterial graft shown m Fig i after 
fixation There is no thrombosis or erosion of the intima in this 
specimen 

regained nearly normal function There was only one animal in Group I that had 
more than a slight weakness or slight limitation of motion, and this dog had 
had a postoperative abscess of the thigh which had to be drained 

When ischemia was continued for 12 or more hours, the return of function 
was always delayed and incomplete with limitation of motion and loss of 
strength as a constant finding Response to stimulation by pm prick of the skin 
of the restored leg was present in these animals The growth of hair continued 
in those with more prolonged ischemia at reduced rates All had some muscular 
atrophy Contractures were present in the muscles of all the late restored legs 
of these dogs In a few of Groups II and III dogs, the contractures were only 
slight The majority, however, had a moderate degree of contracture In two 
of the animals having ischemia for 18 and 24 hours respectively, the contrac- 
tures were virtually complete, producing extremities fixed in full extension 
Ambulation has been good m both of these animals on a “peg leg” and the 
function has been surprising The picture which these two dogs with advanced 
muscular contracture present is essentially similar in certain respects to that 
seen in the late result of Volkmann’s ischemic contracture m the human subject 
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BISCUSSION 

The data from these experiments, projected into terms of arterial injuncs 
in human subjects, lend support of the view that reparative surgical treatment 
with early anastomosis of severed major artpies of the extremity should be 
practiced whenever possible The salvage of 50 per cent of limbs ischemic for 
12 to 18 hours and of 20 per cent of those ischemic for more than 24 hours in 
the experimental animal offers decided encouragement for the recovery ot 
human extremities with severe vascular injuries when treatment has been 
delayed beyond the accepted optimum time of six to eight hours While none 
of the legs in the animal preparation used in these experiments escaped gan- 
grene when the femoral artery was ligated, it has been surmised that some 
collateral circulation is partially intact and sufficient to prevent gangrene in ’ 
approximately 30 per cent of instances when femoral or popliteal vessels ha\c 
been ligated in human leg injuries in warfaie Seldom is a complete transec- 
tion of the soft tissues of the leg seen in civil injuries which is a great adian- 
tage m extending the possible limits of the “time lag ” 

The modifying factor of the clean wound technic used throughout these 
experiments has, without doubt, been an advantage in favor of these animals 
On the other hand, infection and dehiscence was the prime cause of leg failure 
after prolonged ischemia This was a consequence in part of ischemic necrosis 
of the tissues but also of the experimental limitations, which, in animals, has 
necessitated closure of the wound with partly devitalized tissues and bacteria 
buried in closed spaces In the human subject an open wound technic is 
possible and desirable in the contaminated wounds and much of the infection 
we encountered might be avoided, and secondary hemorrhage from the anas- 
tomosis in failures reduced The experience in the last war with wound 
infection was surprising 

Homograft arteries have survived sufficiently long in our dogs to pass the 
critical period before collateral circulation becomes effective In fact, we belieic 
that they have a good longevity, although other investigators^' have doubted 
their durability Late studies of these grafts in surviving animals arc 
contemplated 

■\Ve believe that the arterial graft anastomosis is the best method for join- 
ing arteries of the extremities when there is loss of arterial substance, althoiig 1 
we have no experience in human subjects The use of banked arteries shou c 
be practical for both civilian and military hospital groups ^ 

Survival of the leg itself with a damaged major vessel cannot be the so e 
desideratum , rather, the aim should be to secure a viable leg that functions as 
well as possible under the existing circumstances To accomplish this it is 
essential that the mam vascular channel be restored to function The ew 01 ^ 
term follow-up studies of \ascular casualties available indicate a 
dence of functional limitation in legs with femoral and popliteal injun , 
in legs with arterio\enous fistulas which are behe%ed to liaAe so wel 
a collateral circulation that safe ligation of the femoral or pophtca "ve. 
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possible without resulting- gangrene, the occurrence of chronic circulatory 
deficiency after quadi uple ligation is high These legs are frequently sus- 
ceptible to cold , claudication is often observed and sometimes trophic changes 
follow It is, therefore, of impoi tance to provide a permanent means of arterial 
restoiation m the case of vascular injuries if good results are to be expected 
It IS difficult to compaie the impaired function seen m the legs of the dogs 
in the present experiments with results m human subjects As a rule the 
acute ischemia in the injured human leg Avould not be expected to reach the 
degree seen in these animals’ legs except in the unusual transection type of 
wound 

Although severe muscular contractures were present in some of the legs 
of dogs in the longer ischemia periods, the possibiht}^ of this disabiht}’- occur- 
ring m the human subject should not be a deterrent to efforts to salvage the 
leg There is no method of determining slight variations m ischemia m legs 
with wounds of unknown extent and variable loss of collateral vessels As 
long as the extremity does not show signs of gangrene or extensive tissue 
deterioration, attempts to restore the circulation through the damaged mam 
vessels should be carried out Some impairment of function can be expected m 
certain cases However, such sequelae can be dealt with as they present at 
a later obsen^ation 

SUMilARY 

In these expei inients estimations have been made m animals on the proba- 
bility of the survival of legs undergoing acute ischemia for time intervals of 
specific duration Three time penods which extended from the onset of the 
ischemia to its abolition by restoring the circulation, corresponding to the 
clinical “time lag,” were investigated Undei standard conditions of injury 
depriving the legs of then blood supply it was found that following restoration 
by arterial anastomosis the survival rate for these legs were as follows ( i ) 
for penods of ischemia ranging from one to six hours, 90 per cent survival , 

(2) for penods of ischemia ranging from 12 to 18 hours, 50 per cent, and 

(3) for periods of 24 hours or over, 20 per cent 

Arterial grafts of three sorts were used with, equal success These were 
fresh autografts, fiesh homografts and preseived homografts Intravascular 
thrombosis in the grafts seldom occurred primarily Failure of these grafts 
from thrombosis or hemorrhage was secondary to infection and vound dehis- 
cence in all but three of 23 failures of legs to survive The incidence of sec- 
ondaiy failures were related to the penod of ischemia Anticoagulants were 
not used m these experiments 

Ischemia for a penod beyond 12 houis m animals vhose leg survived 
resulted in a variable degree of disability of the limb which was principally 
the consequence of contracture and atrophy 
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CLINICAL EVALUATION OF TWO TESTS FOR 
INCIPIENT THROMBOSIS^ 

PROTHHOMBIN ACTIVITY AND FIBRINOGEN B OP LYONS 

Roy D McClure, M D , Conrad R Lam, M D , James Barron, M D , 

AND R R Margulis, M D 

Deteoit, Michioahi 

FROM THE DIVISION OF GENCRAI SURGERA OF THE HENRA FORD HOSPITAL DETROIT 

The well-known clinical signs of postoperative venous thrombosis 
are tenderness m the lower extremity and evidence that embolism to the lung 
has taken place The latter may mean a fatal issue , the former indicates that 
some type of radical treatment to prevent the latter should be instituted This 
treatment is, of course, anticoagulant therapy or femoral vein ligation Neither 
course of action gives lOo per cent protection Obviously what is needed is a 
practical test which will warn of the imminence of thiombosis or will indicate 
Its presence in the very early stages Some tests which have been proposed 
are the clotting index of Bancioft and Stanley-Brown, ^ daily determinations 
of the coagulation time (Bergquist^), the heparin tolerance test of de Takats 
and Gilbert,^ the heparin titration method of Waugh and Ruddick,"^ decelerated 
coagulation time determinations (Kadish®), prothrombin activity of diluted 
plasma (Brambel and Loker,® Shapiro'^), daily prothrombin time determina- 
tions (Sandiock and Mahoney®) and tests for fibrinogen B of Lyons® 

This communication presents our experience with the last two tests No 
attempt will be made to explain why the others have not been adopted in clin- 
ical practice, except to state that m addition to being apparently non-specific, 
most of them are time-consuming and therefore impractical to cairy out as 
screening procedures 

Sandrock and Mahoney® studied the prothrombin levels of 382 patients 
during the postoperative period and concluded that the findings wei e of value 
in determining which patients should receive prophylactic measures against 
thrombosis Their results indicated that the stage is set for postoperative 
thrombosis on the second or third postoperative da3'-s, and that this tendency 
to thrombosis can be detected by an increased prothrombin activity of the 
whole plasma 

We have carried out prothrombin activity studies on 283 surgical patients 
Usually, the patients were chosen for study because of the presence of factors 
predisposing to thrombotic complications The composition of the group with 
regard to the types of operations is given in Table I Many were in the older 
age group, and not a few had had a previous history of thrombo-embolism 
Specific treatment, if any, was not begun until the commonly accepted clinical 
signs appeared As a rule, there were nine prothrombin determinations on 
each patient, the day before operation, the afternoon of the operation, and 
daily for seven days thereafter The one-stage prothrombin method of Quick^® 

* Read before the American Surgical Association, St Louis, Mo , April 20, 1949 
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was used A commercial brand of thromboplastin (Difco) ga\e a normal pro- 
thrombin time of 13 to 15 seconds In tabulating the results, the test 
considered to be positive if the prothrombin activity reached 100 per cent or 
above on the second or third postoperative days The cases have been duuled 
into tv 0 groups, namely, those with no clinical evidence of thrombosis, and 


Table I — Operations on the Group 

Studied by Prothrombin and Ftbnnoqcn B Tists 

Operation 

Ca‘:e> 

Cholecystectomy 

6S 

Hysterectomy 

63 

Gastrectomy 

27 

Colon operations 

2i 

Hernia repair 

IS 

Prostatectomy 

IS 

Fractures 

13 

Leg amputation 

8 

Splenectomy 

7 

Nephrectomy 

S 

Miscellaneous 

46 

Total 

29S 


those who were believed to have developed such a complication (Table II) 
In 258 patients with negative symptoms, there were 121 false positive test^ 
Furthermore, in more than half of the 25 cases in whom there was definite or 
suspicious evidence of thrombosis, there was a false negative prothrombin test 
The finding of clinical evidence of thrombosis in 25 of 283 patients (8 i 
per cent) demands an explanation It has already been mentioned that the 
group was weighted to some extent with regard to predisposing factors The 


Table II — Correlation betzveen 

Clinical Signz and Prothiombin 

AcllZil\ 




Cn'cs 



/Test negative 

137 


Signs negative — 258 cases 

ITcit positive 

121 



/ Test negativ e 

15 


Signs positive — 25 cases 

1 Test positiv c 

10 



clinical observ’^ers were undoubtedly “thrombosis conscious” and some ques- 
tionable cases may have been included The complications were as follows 
leg thrombosis, 15 cases, pulmonar}’^ infarction, vith and vithout antecedent 
clinical phlebothrombosis, 13 cases , coronary thrombosis, one case There w ere 
four autopsies in the series, three showed thrombosis which had not been 
suspected chnicalty There was one death due to thrombo-embolism 

Case 1 — M M , a 68-year-old woman, had a cholecj stectomj for cholelithiasis Hci 
postoperatue prothrombin actuiU indicated a positne test, since it was 100 per cent on 
the second and third postoperative davs On the 17th dav, she had a ptilmonarv m arc^ 
She was treated with heparin, but developed a lung abscess in the infarctcd area an 
pv elonephntis, and expired on tlic 25th da> from uremia It might be argued t Hi 
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should have received anticoagulants because of her positive test, but to be consistent we 
would have to have treated 121 other positive cases who never showed any clinical 
evidence of intravascular clotting 

The following case summary is an example of the group of cases which 
showed clinical thrombosis without warning from the prothrombin deter- 
minations 

Case 2 — M H , a 62-year-old man, had a partial gastric resection on Nov 12, 1948 
The prothrombin levels on the first, second, third and fourth postoperative days were 
90 per cent, 89 per cent, 80 per cent and 56 per cent respectively On the fourth day, 
tenderness was noted in the left calf, and there was a positive Homans’ sign Shortly 
afterward he had pain in the chest Heparin was begun, and thereafter his convalescence 
was uneventful 

On the basis of the experience 
outlined above, we concluded that in 
our hands the test for prothrombin 
activity was not specific enough to be 
of value in picking out patients in the 
prethrombotic state 

Fibrinogen b op lyons 

Our interest m “fibrinogen B” 
was stimulated by the appearance of 
an article by Cummme and Lyons® in 
The British Journal of Surgery 
Lyons^^ had previously published the 
results of some of his blood coagula- 
tion experiments and he concluded 
that the clotting of fibrinogen by thrombin occurs in at least two stages , the 
initial step is the liberating of blocked thiol groups in fibrinogen brought about 
by one component of thrombin , the second, an oxidation, probably by a naph- 
thoquinone complex in the thrombin converting protem-SH to protein -S-S- 
protein (fibrin) The native fibrinogen was designated by the letter A After 
it was acted upon by the component A of thrombin (not to be confused 
with component A of prothrombin of Quick^®), it became fibrinogen B and 
was that much closer to becoming fibrin, or the true clot Lyons’ con- 
ception of the blood clotting mechanism is summarized in Fig i In the 
first paper, Lyons used 2-methyl-i 4-naphthoquinone to cause the 

fibrinogen B to gel The test described in the second paper is as follows A 
reagent is prepared by dissolving 2 Gm of /?-naphthol m 100 cc of 50 per cent 
alcohol and then exposing this solution to oxygen until it turns brown Four 
and one-half cc of blood is mixed with o 5 cc of i I per cent sodium oxalate 
This IS centrifuged and i cc of the plasma is pipetted ofl: into a 13 x loO mm 
tube To this is added 5 drops of the reagent After shaking, the mixture is 
allowed to stand for 10 minutes, when it is examined for clot formation A 
negative and a positive test may be seen m Fig 2 
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Fig I — Schema of normal blood coagula- 
tion, according to Cummme and Lyons Brit 
J Surg, 35 337, 1948 
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Lyons states that both “profibrm” and fibiinogen B form a gel witl] the 
^-naphthol, but the profibrm appears only when the Fibrinogen B content is 
verj'- high, and since both substances are significant clinically from the Meu- 
point of thrombosis, it is desirable to use the test which demonstrates botli 



Fig 2 — Lyons’ test for fibrinogen B An 
alcoholic solution of p-naphthol has been added to 
the plasmas of two patients After a lo-inmutc 
intenal the tubes have been tipped to an almost 
horizontal position The test on the left is ncgatuc, 
that on the right, positne 


substances He states that if it is necessar^”^ to determine fibrinogen B alone, 
a 5 per cent aqueous solution of hydroqumone-quinhydrone should be used 
and the plasma examined for clot formation m 30 minutes It should be clcarh 
understood that t\ e ha\ e made no attempt to m\ estigate the \ alidity of L^ 00“^ 
test of blood coagulation or to check the chemical reactions invoh ed 

Cummine'* used L>ons' test on a number of surgical patients in the Roia! 

442 





Volume 130 
Number 3 


INCIPIENT THROMBOSIS 


Prince Alfred Hospital in Sydney He concluded that it is possible, by the 
use of the coagulation graph (Bergquist) and the fibrinogen B estimations, to 
subdivide patients who are to undergo surgical procedures into four groups 
(i) Those patients in whom free fibrinogen B does not occur in the plasma 
and the coagulation graph is of normal type (i e , clotting time above three 
minutes by the capillary tube method) Intravascular thrombosis does not 
develop in these cases (2) Fibrinogen B may be found in the plasma either 
persistently or intermittently, but the coagulation graph is normal In the 
absence of previous thrombosis or venous stasis, thrombosis does not develop 
in these cases (3) Fibrinogen B occurs in the plasma and the coagulation 
time remains persistently low, in the order of three to four minutes Intravas- 
cular thrombosis appears to be inevitable (4) No fibrinogen B appears in the 
plasma but the coagulation graph is low This has been observed after an 
intravascular thrombosis has occurred (Has the fibrinogen B been used up^) 


Table III — Con elation 

hetrveen Cluneal Signs and Ftbnnogen B 

Tests 



Cases 

Signs negative — 109 cases 

(Test negative 
(Test positive 

77 

32 

Signs positive — 18 cases 

( Test negative 

4 

tTest positive 

14 


We carried out fibrinogen B tests on 127 postoperative patients One hun- ' 
dred and sixteen of these also had the testg for prothrombin activity described 
earlier in the paper It was therefore possible to observe the effectiveness of 
the two tests on the same patients m many instances 

The results are summarized in Table III A little less than a third of the 
patients in whom no signs of thrombosis developed gave a false positive test 
Eighteen patients out of 127 (14 2 per cent) were thought to have thrombosis 
clinically In 14 of these, the fibiinogen B test was positive, leaving only 
four false negatives 

It should be pointed out again that the 18 instances of postoperative 
thrombosis did not develop in a general cross section of surgical patients, but 
m a group of thrombosis-prone patients 

Case 3 — F , a 35-year-old male A spleno-renal anastomosis was earned out 
following splenectomy and nephrectomy for bleeding esophageal varices The patient 
had further fatal hemorrhage m spite of the operation, and the autopsy showed throm- 
bosis in the splenic vein behind the pancreas and remote from the anastomosis The 
fibrinogen B test had been positive on the day of operation, and each day until the 
patient died The prothrombin activity on the second day was 70 per cent 

Reference should be made to Case 2 above The postoperative prothrombin activity 
was consistently below normal, but the fibrinogen B test vas positive on the second, third 
and fourth davs before clinical thrombosis was detected 
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On the other hand, there were several times when the test failed to warn 
of impending thrombosis, as in the following example 

Case 5 — G K was a 44 -year-old woman on whom hysterectomy was carried out 
On the first postoperative day the fibrinogen B was negative On the second day the 
prothrombin activity was 100 per cent (positive test) On the third day the fibrinogen B 
was again negative, but on this day tenderness developed in the left calf, and it was 
deemed urgent to begin heparin therapy 


Table IV — Results of Fibnnogen B Tests tn Pi otJti oiiibui-testcd Patients unth 

Chnieal Signs 



Fibrinogen B 



Test 

Cases 


f Negative 

1 

Signs positive, prothrombin test negative — 15 cases 

1 Positive 

7 


(no test 

7 


[ Negative 

3 

Signs positive prothrombin test positive — 10 cases 

1 Positive 

4 


(No test 

3 


It IS of interest to see how often the fibrinogen B test was right when the 
prothrombin test was wrong, and vice versa In Table IV, the 25 “Signs 
Positive” cases from the lower half of Table II have been tabulated with 
respect to what the fibrinogen B test showed if it was done It is striking that 
of 15 cases with positive signs and negative prothrombin tests there was only 
one which showed a false negative fibrinogen B test 

Similarly, Table V tabulates how the prothrombin test reacted in the 18 
patients with positive signs who had fibrinogen B tests There were seven 
false negatives m a group of 14 cases with positive signs and positive fibrino- 
gen B tests 

Table V — Results of Prothrombin Tests in Pibrmogen B-tested Patients unth 


Chmeal Signs 



Prothrombin Test 

Cases 


/ Negative 

1 

Signs positive, fibrinogen B negative — 4 cases 

\ Positive 

3 


f Negative 

7 

Signs positive fibrinogen B positive — 14 cases 

■j Positive 

4 


(no test 

3 


As an additional study, single tests were done on 83 ambulatory individ 
uals m the out-patient department Only two of these showed a positive test 


CONCLTJSIONS 

We were unable to confirm the finding of Sandrock and Mahoney that 
daily determinations of the prothrombin activity of the plasma is a va ua e 
screening test to predict thrombotic complications in postoperative pa len 
A somewhat more specific test is that described by Lyons w'hich involves t 
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addition of an alcoholic solution of ^-naphthol to plasma Lyons believes that 
the resulting gel formation is due to what he calls fibrinogen B, and that it 
indicates a thrombotic tendency Further clinical and chemical investigations 
of this reaction are in order 
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Discussion — ^Dr Earle B Mahoney, Rochester, NY We have been very 
interested in hearing of Dr McClure’s results, and are a little disappointed that he 
nas not been able to confirm our feeling m respect to prothrombin activity 

I would like to bring you up-to-date on our experiences, as we still feel that the 
lest has some value, in predicting postoperative thrombosis 

(Slide) This slide was presented last year The solid line below in the graph in- 
d.cates the average prothrombin activity level in patients who do not develop thrombosis 
The black dots to the right of the middle line show patients who did develop thrombosis 
and who had an increased prothrombin activity on their third or fourth postoperative 
day 

(Slide) This was a summary of our cases up to the time of this meeting last year 
We had investigated 309 cases at that time Of that group there had been 42 per cent 
who had developed thrombosis Those who had developed thrombosis had a 100 per 
cent increase in the activity of their prothrombin, in other words all 42 per cent of 
these patients had increased prothrombin acti\ity on their second, third or fourth post- 
operative days 

(Slide) This shows our results during the past year, in the senes of patients that 
we have studied We have followed 405 patients, which brings our total to the neighbor- 
hood of 800 Of these, there was no hyperprothrombinemia in 365 patients , there was 
an increased prothrombin activity in fort3' of the 405 
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(Slide) Breaking down this gioup who had hyperprothrombinemia, there were 19 
patients who did not have thrombosis These 19 patients were primarily young individuals 
who were mobilized immediately after operation, also, this group comprised an inter- 
esting series of patients, those who have been operated on under tourniquets 

We have found a rather high incidence of hyperprothrombinemia in patients who 
have had tourniquets used during the operation, even though no thrombosis clinically 
develops postoperatively 

There were nine patients of the total of 40 who were given prophylactic dicumarol 
because of hyperprothrombinemia Twelve patients did have hyperprothrombinemia who 
did not receive any dicumarol and who did develop definite venous thrombosis postopera- 
tively 

In these 415 patients, as with the preceding 309, we have not seen a patient develop 
thrombosis who has not had a preceding hyperprothrombinemia 

In other words, our present evaluation of the test is that by this means we can 
select from all surgical patients a group who should be watched carefully and who 
should perhaps be given dicumarol therapy 

I would like to call attention to the fact that the determination of prothrombin 
activity on plasma is not specific for prothrombin, but we are merely testing the 
rapidity of plasma clot formation and the presence of calcium and thromboplastin I 
believe last year we mentioned that because this test is positive m the whole plasma 
rather than in the dilute plasma, we felt we perhaps were measuring something other than 
prothrombin which was a precursor of this thrombosis 

We are delighted to hear of Dr Lam’s and Dr McClure’s work, because it is 
quite possible that this material which we are looking for may be fibrinogen B There 
are many other factors which still remain to be investigated, and I am evtremelv 
interested in Dr Lam’s results 

Major Edwin J Pulaski, San Antonio, Texas At Brooke General Hospital my 
associate. Lieutenant Arthur Voorhees, and I have been studying for the past year the 
fibrinogen B test, and a few remarks concerning our findings at this time might be 
pertinent to the discussion 

First, we find that this test is considerably labile, and that there is a marked 
temperature effect , this means the results will be different with the plasma if the test 
is performed at 6° C room temperature or 37° C This is not stressed in the paper 
of Cummine and Lyons (Brit J Surg 35 337, 1948) The highest percentage of posi- 
tive tests. IS obtained vvdien the experiment is carried out at 6° C 

Secondly, this test is alleged to be an indication of thrombosis which has not jet 
occurred but which is incipient We find that in patients who have already develope 
signs of thrombosis the test may or may not be positive, but that the positive test wi 
disappear within 24 to 36 hours after signs of thrombosis have occurred, then remain 

negative r 

Thirdly, and perhaps most importantly, we have found that this is not a speci 
test for thrombosis, but it would appear to be positive, at least inconstantly so, 
cases of spreading infection Also, this test does appear to be positive in all cases wi 
there is considerable tissue necrosis, such as in thermal burns fihrino- 

Inasmuch as it would not appear to be specific for incipient thrombosis, t e 
gen B test of Cummine and Lyons, m our experience, does not promise to eco 
valuable adjunct to the clinical diagnosis of thrombosis at this stage of deve opme 
tiie test 

Dr Conrad R Lam, Detroit I have very little to add I appreciate Dr 
remarks, and I think our two senes could come a little closer toget er i 
better agreed on what constitutes hyperprothrombinemia 
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If j'ou will remember liis first slide, there were a number of black dots indicating 
liyperprothrombinemia just above the loo per cent line, and they were put up there 
because the person holding the stop watch clicked it just about a tenth of a second 
sooner Our technicians do not claim to have that good a reaction time, and the surgical 
residents who try to perform this test usually record the prothrombin time m terms of 
half a second rather than trying to get any closer Our laboratory reports nothing 
higher than lOO per cent, although they have obliged us by reporting the time in seconds 
also 

I am glad to hear that someone else is trying to see if there is anything to the 
fibrinogen B test, and Major Pulaski’s observations are very interesting Dr Lyons, 
Ml his article, stresses that the test is positive in cases of infection, and a number of 
other conditions Dr Margulis, who did most of these tests, reported to me that the 
\ery vigorous centrifuging of blood to get the plasma, instead of letting the cells settle 
out, tends to produce a false positive test 
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PHYSIOLOGIC STUDIES IN CASES OF STRICTURE 
OF THE COMMON BILE DUCT^ 

Waltivian Walters, M D 

FROM THE DIVISION OF SURGERY MATO CLINIC, ROCHESTER MINNESOTA 

My interest in the treatment of strictures of the common and hepatic 
bile ducts dates back to 1924 From that time until January i, 1949, I have 
operated on 186 patients for stiicture of the extrahepatic ducts I have divided 
these cases into two groups ( i ) a series of 98 cases in which operations were 
performed from 1924 through 1939 (Table I), and (2) a series of 88 cases in 
which 1 13 operations were done from 1940 through 1948 (Table II) Lewis, 
Friedell and I reported on the first group in three papers in 1940 and 1942 - 
In the study of this second group I have had the help of my first assistants, 
Drs Spencer Phillips^ and John Cameron, and Dr Joseph Berkson of the 
Section on Biometry and Medical Statistics of the Mayo Clinic 

In the first series, the hospital mortality rate was 10 2 pei cent and in the 
second series it was 34 per cent (or 26 per cent on the basis of 113 pro- 
cedures) This reduction 111 mortality rate, I think, can be directly attributed 
to a better understanding of the pathologic physiology of the liver in cases of 
biliary obstruction and the institution of adequate methods of treatment before, 
during and subsequent to operation in order to compensate for the disturb- 
ances, rather than to an}'’ particular improvement in the technic of the surgical 
procedure There are, perhaps, a few exceptions to this statement , the first is 
that I have been able to find remnants of extrahepatic ducts above the stric- 
ture more frequently in the second series of cases than in the first, because I 
have searched more diligently for them , even incising the parenchyma of the 
liver The same is true of the identification of the lower end of the common 
duct For this reason the proportion of duct-to-duct anastomoses to those of a 
duct to the duodenum has increased In ii of the 27 cases of stricture in 
which I performed operations in 1948, choledochocholedocostoray was per- 
formed, in 13 hepaticoduodenostomy, m i choledochoduodenostomy and in 2 
hepaticostomy The incidence of duct-to-duct anastomosis in 1948 40 

cent in contrast to ii 2 per cent in the cases fiom 1924 through 1939 and 186 
per cent in the cases from 1940 through 1947 Assuming that an anastomosis 
of the end of the duct to the intestine is possible, the problem that will concern 
the surgeon is whether to anastomose the stump of the duct to an opening 
made in the duodenum or to one of the loops of the jejunum With the latter 
procedure the duct is anastomosed to the jejunum either with an entero- 
anastomosis or with a Roux-Y type of anastomosis, as recommended by 
Allen^ and Cole ® 

Before considering this question, let me return briefly to a discussion of 
the pathologicophysiologic changes associated with biliary obst ruction and the 

* Read before the American Surgical Association, St Louis, Mo , April 21 , I949 
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pieoperative and postopeiative methods directed to then tieatment Although 
I would like to discuss tests of liver function, time does not permit more than 
saying that studies of the response of the prothrombin time of the blood to 
vitamin K, the amount of sei um globulin and its relation to the serum albumin 
have pioved in our expeiience, the most practical indicators of the degree of 


Table I — Results Accoidiug to Opeiatwn Sfitcfiue of Common and Hepatic Ducts, 

1924 Though 1939 


Well When Recurrence 

Last Heard of Biliary Hospital Subsequent 
From Obstruction Deaths Deaths 





Per 


Per 


Per 


Per 

Operation 

Cases 

No 

Cent 

No 

Cent 

No 

Cent 

No 

Cent 

Common duct to duodenum 

34 

28 

82 4 

2 

5 9 

1 

2 9 

3 

8 8 

Hepatic duct to duodenum 

31 

n 

41 9 

8 

25 8 

2 

6 S 

8 

25 8 

Duct to duct 

11 

6 

54 5 

2 

18 2 

1 

9 1 

2 

18 2 

Hepaticostomy 
Transplantation of external 

9 

2 

22 2 

2 

22 2 

3 

33 4 

2 

22 2 

biliary fistula 

9 

2 

22 2 

4 

44 5 

1 

11 1 

2 

22 2 

Other 

4 

1 

25 



2 

50 0 

1 

25 

Total 

98 

52 

53 0 

18 

18 4 

10 

10 2 

18 

IS 4 


liver damage associated with a stricture If the blood contains globulin m 
excess, and an elevated piothiombm time does not promptly leturn to normal 
after the administiation of vitamin K, more than the average amount of injury 
to the liver parenchyma is likely to have occurred The frequency with which 
intrahepatic biliary block may simulate extrahepatic block must be remembered 
in all cases m which jaundice occurs, and this is especially important when 


Table II — Tvpes of Opeiation foi Stneture of Bihaiy Ducts 1924 Through 1948 


Type of Operation 

1924-1939 

1940- 

-1947 


1948 

No * 

Per Cent 

Not Per Cent 

Not Per Cent 

Duct to duct 

11 

11 2 

16 

18 6 

11 

40 7 

Hepatic duct to duodenum 

31 

31 6 

39 

45 4 

13 

48 2 

Common duct to duodenum 

34 

34 7 

10 

11 6 

1 

3 7 

Hepaticostomy 

9 

9 2 

U 

12 8 

2 

7 4 

Other 

13 

13 3 

10 

11 6 



Total 

98 

100 

86 

100 

27 

100 


* Number of patients 
t Number of operations 


jaundiced patients have had previous operations on the biliary tract The 
concentration of blood lipids are inci eased in the presence of obstructive 
jaundice and decreased in the presence of severe hepatic injurj'^ When 
hepatic damage has occuired, the concentration of gamma globulin m the 
serum is inci eased and that of serum albumin is decreased These findings are 
extremel) reliable and the tests are not difficult to perform 

At the Mayo Clinic all patients wffio have jaundice aie hospitalized for at 
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least three days prior to surgical intervention In this period, study of hepatic 
function IS made and the patient is prepared for operation by administration of 
vitamin K or some other similarly acting substance and a forced increase in the 
intake of carbohydrate and protein In addition, parenteral injections that are 
necessary are given If the prothrombin time is elevated and is not reduced 
after administration of vitamin K, blood transfusions are employed before 
operation I cannot remember a single case of stricture of the bile ducts in 
which I have refused to operate when recurrence of the stricture has taken 
place, regardless of how deeply jaundiced the patient was or^how many previous 
operations had been performed for correction of the biliary stricture I men- 
tion this not to emphasize particularly the success that may be obtained by a 
properly performed procedure, even after as many as three to five previous 
unsuccessful attempts at repair, but to illustrate that reduction of the hospital 
mortality rate in my two series of cases can be attributed mainly to recent 
preoperative and postoperative study of the patient and his liver, institution 
of treatment indicated by this study both before and after operation, and the 
performance of a proper surgical procedure which completely relieves the 
biliary obstruction 

In recent years the question of effect of regurgitation of food and of gastric, 
duodenal and pancreatic secretions into the biliary ducts has been a matter of 
considerable speculation and some study I have followed carefully all of the 
patients on whom I have operated since January, 1924, that is, for 25 years 
In my experience now with approximately 118 cases in which the common or 
hepatic duct has been anastomosed to the duodenum (in 65 for more than ten 
years), I have been unable to prove that any reflux from the duodenum was 
productive of either asymptomatic or symptomatic infection of the liver A 
similar observation was made on animals by Soupoult in France ® Moreover, 
in my patients, when fever or jaundice with and without pain has led to spec- 
ulation on this possibility, reoperation has always shown recurrence of the 
obstruction, usually of a considerable degree, at the site of the previously per- 
formed hepaticoduodenostomy, choledochoduodenostomy or choledochochole- 
docostomy 

Of the 98 patients operated on from 1924 through i 939 j 3 ^ ^^d sufficient 
duct above the stricture to anastomose it accurately to the duodenum When 
these cases were studied by Lewis, Friedell and me m 1940, 82 4 per cent of 
these 34 patients were living and well This group of cases, as well as the 
entire series, is under intensive investigation to determine the percentage m 
which obstruction has been cured for ten years or more 

Roentgenographic studies of the duodenum and anastomosed duct after 
the oral ingestion of barium have shown both air and barium in the ducts, to 
a greater or less degree m the cases in which the anastomosis was not 
obstructed On the other hand I have found recurring obstruction, when, 
because of pain or fever with or without jaundice, I have reoperated on 
patients who have had a previous operation or operations for stricture and who 
have not had this reflux of barium or air from the duodenum into the common 
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or hepatic ducts In a few cases even though air and a small amount of 
barium were noted in the ducts, attacks of pain with or without fever, and mild 
transient jaundice, have occurred At operation, contraction of the duct, 
sometimes to a few millimeters in diameter at the site of the anastomosis, 
has been found in these cases 

I presented two examples of this before the members of the Chicago 
Surgical Society at their meeting m Rochester, Minnesota, on January 19, 
1949 I shall only mention one of these cases here, however In this case 
I performed hepaticoduodenostomy ii years ago at which time only a fringe 
of hepatic duct was found to anastomose to the duodenum The patient was 
well for ten years and then had attacks of biliary colic with questionable slight 
jaundice of skin and sclera At operation, contraction of the duct at the site 


Table III — Restths According to Operation for Strictiiie of Common and Hepatic Ducts 

1940 Through 1947 


Operation, 

Total 

Cases 

Hospital 

Deaths 

Cases 

Traced* 

Well When 
Last Heard 
From 

Recurrence 
of Biliary 
Obstruction 

Died 

Elsew'here 

No 

Per Cent 

No 

Per Centt 

No 

Per Centt 

No 

Per Centt 

Common duct to duodepum 9 

0 

0 

7 

5 

71 4 

1 

14 3 

1 

14 3 

Hepatic duct to duodenum 

32 

1 

3 1 

25 

16 

64 0 

3 

12 0 

6 

24 0 

Duct to duct 

12 

0 


8 

4 

50 0 

4 

SO 0 

0 


Hepaticostomy 

8 

1 

12 5 

6 

0 


5 

83 3 

1 

16 7 

Others 

4 

0 


4 

4 

100 0 

0 


0 


Total 

65 

2 

3 0 

50 

29 

58 0 

13 

26 0 

8 

16 0 


* Patients operated on too recently for judgment of results and cases in which follow-up information was 
not available at tins date are omitted 
t Per cent of cases traced 


of the anastomosis had reduced the lumen to a few millimeters in diameter 
Plastic enlargement of the stoma was earned out and the patient has been 
well since 

The operation, anastomosis of the end of the biliary duct to the duodenum, 
when the lower segment of the duct cannot be found, is a relatively simple 
operation compared to that required to anastomose the duct to the jejunum 
The simplicity of choledochoduodenostomy or hepaticoduodenostomy makes 
these procedures my operations of choice since many of the patients on whom 
I operate have had at least one unsuccessful attempt at repair (Table III) In 
point of fact, of the 27 patients I operated on during ipiS, one had five pre- 
vious procedures on the biliary tract, four had four, six had three, nine had two, 
and seven had one operation (Tables IV and V) 

I have seen identical symptoms, that is pain, chills, fever or jaundice alone 
or in various combinations, not only in cases of contracture at the site of the 
biliary-duodenal anastomosis but also in cases of contracture of anastomosis 
between the reconstructed ends of the common duct This brings up the ques- 
tion as to whether, in order to preserve the mechanism of the sphincter of Oddi 
at the lower end of the common duct and to prevent reflux of duodenal con- 
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tents into the biliary tree, it is worth while to subject the patient to diligent 
search for the end of the common duct below the stricture It is debatable 
whether stricture does not recur more frequently when the continuity of the 
duct itself IS re-established than when the proximal end of the duct is anasto- 
mosed to the duodenum This problem is being investigated at present Ol 


Table IV — Analysts of Procedures 

{Operations) 

Author’s Series, 1948 



Prosthesis Used 





Polythene 


Operation 

Cases 

TTube 

Tube 

Catheter 

Duct to duct 

11 

7 


4 (McArthur) 

Hepatic duct to duodenum 

13 

7 

6 


Common duct to duodenum 

1 


1 


External hepaticostomy 

2 



2 

Total 

27 

U 

7 

6 


course the type of end-to-end anastomosis employed will make a difference in 
the number of recurrences when ductal continuity has been re-established In 
all circular anastomoses, concentrical contraction tends to occur whereas after 
an angulated anastomosis, that is, in one m which triangular shaped ends are 
sutured, concentric contraction does not occur Unfortunately, as a rule, 
insufficient duct ends are present to perform an angulated anastomosis There- 
fore, the problem usually is to determine what type of indwelling casting or 

Table V — Relation of Nitmbci of Previous Operations to Pi ocednre Autho/ s Senes, 194S 

Pervious Operations 


Procedure 

Cases 

1 

2 

3 

4 

s 

Duct to duct 

n 

6 

3 

1 

1 


Hepatic duct to duodenum 

13 

1 

3 

3 

3 

1 

Common duct to duodenum 

1 


I 




External hepaticostomy 

2 


2 





— 

— 

— 

— 

— ■ 


Total 

27* 

7 

9 

6 

4 

1 


* 6 previous operations by author 

tubing will prevent contracture of the circulai type of anastomosis and hon 
long it should remain in place to accomplish this purpose Mclndoe has 
stated that a period of three months is necessary to prevent 
tubular grafts of skin In my opinion three months is the minimal perio t a^ 
splinting tubes should be kept within the common duct and from six to tn e ve 
months is probably better Any tube used to splint the ductal anastomosis 
will sooner or later have its lumen occluded by bile pigment and salts an wi ^ 
obstruct the duct unless removed I have removed Vitallium and rubber tu ^ 
from the common duct which were filled and encrusted with bile pigmen o^ 
salts and which could not pass the sphincter of Oddi A rubber catheter, mo^ 
of which extends beyond the sphincter of Oddi into the duodenum, has 
the best type of splint to me It can be held m place for as long as desire 
a silk thread passed through it and attached to the surface of the s m 
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recommended by McArtliur ^Vhen tbe silk suture is lemoved, intestinal 
peristalsis uill pull the catheter into the duodenum and it will pass through 
the intestinal tiact without stopping or obstructing Tubes of rubber, Vital- 
hum, or polythene can be used in a choledochoduodenostomy or hepaticoduo- 
denostomy Bile, houever, accumulates in the lumina and about the exterior 
of rubber and Vitalhum tubes This happens less frequently when polythene 
tubes are used These tubes will pass spontaneously into the duodenum in a 
few weeks unless fixed in position with the long silk suture used to fix a 
catheter 

In the surgical procedure, I employ an upper right rectus incision I have 
been able to see no clinical indications that a general anesthetic or combined 
nitrous oxide, ethylene, oxygen and ether is disturbing to liver function and 
have preferi ed this type of anesthesia I keep the dissection close to the under 
surface of the livei , I extend it as far laterally as possible and expose Mor- 
ison’s pouch From this starting point the dissection is earned inesially until 
the structui es of the hepaticoduodenal ligament are reached It is then carried 
from the mesial part of the right lobe of the liver at a deep level to the 
hepaticoduodenal ligament in order to expose the hepatic artery After 
exposure of the hepatic artery in the hepaticoduodenal ligament, it is nearly 
always possible, by upward ti action on the under surface of the liver and by 
dissecting along the hepaticoduodenal ligament into the hilus of the liver, to 
find the proximal stump of the common or hepatic duct of sufficient length to 
use in an anastomosis either to the lower part of the duct or to the duodenum 
This I nas able to do in 25 of the 27 cases in which operations for stricture 
of the biliary ducts were performed in 1948 

SUMMABY 

A study of the 186 cases of stricture of the common and hepatic bile ducts 
m which operations nere performed, has given evidence of the beneficial 
effects of studies of liver function and preoperative and postoperative treat- 
ment directed toward compensating for the disturbances resulting from the 
biliary obstruction Prevention of bleeding has been accomplished by the 
administration of vitamin K and blood As a result, the syndrome of hepato- 
lenal insufficiency does not occur Moie diligent search foi both ends of the 
duct bejond the stricture has been productive of a gi eater percentage of cases 
in which anastomosis of the duct to the duct or the duct to the duodenum 
could be accomplished As an indication of the benefits of this routine the 
mortabt} rate of 10 pei cent in the 98 cases in which opeiation was performed 
from 1924 to 1939 inclusive has been reduced to 3 a per cent in the 88 cases 
m which operation was performed from 1940 to 1948 inclusive If the 
mortality rate m the last group is figured on the basis of operative procedures, 
since reopeiations uere performed for recurrence of the stricture m some 
cases, It is only 2 6 pei cent 

During these }eais evidence accumulated indicates that after a biliary- 
duodenal anastomosis, reflux of food (barium or air) into the common and 
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hepatic ducts is not responsible for pain, fever or jaundice but that these 
symptoms are the result of recurring obstruction of varying degree at the site 
of the previously made anastomosis This is important because of the sini' 
plicity and ease of these operations in comparison to the operation needed to 
anastomose the duct to the jejunum, especially if the Roux-Y pnnciple of 
jejunal anastomosis is used 

Studies are under way to determine whether results of anastomosing the 
ends of the duct are as good, better or worse than those of anastomosing the 
proximal end of the duct to the duodenum Involved in this problem is the 
fact that concentric contraction occurs at the site of most circular or tubular 
ductal anastomoses to a greatei or less degree unless prevented by a tubular 
prosthesis until the usual period of such contracture has passed Whether this 
applies to a greatei degree in anastomosis of duct to intestine remains to be 
determined Hence the question arises whether in order to preserve the func- 
tion of the sphinctei of Oddi an operation should be performed which may be 
followed by a higher incidence of recurring obstruction at the anastomosis 
than follows choledochoduodenostomy 

To prevent contracture of a circular biliary ductal anastomosis, a rubber 
catheter extending from the hepatic duct into the duodenum may be used 
as a splint The catheter which will be pulled into the duodenum by peristalsis 
can be maintained in position by a silk suture passing through it and brought 
out to the skin where it is anchored to a button as advised by McArthur 
Other short tubes, even of Vitalhum, placed within the duct will have their 
lumina plugged and obstructed by bile and bile will accumulate about them 
This foreign body will obstruct the common duct unless removed, for they 
will not pass through the sphincter of Oddi Hence they should not be used 
Prostheses of any type used to prevent contracture in anastomosis of duct to 
intestine will likewise become obstructive agents if they remain in place too 
long Fortunately this practically never occurs because they will pass into the 
intestine within a few weeks unless prevented from doing so by fixation mth 
a silk suture brought to the exterior 
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Anastomosis of one of the intrahepatic biliary ducts to the jejunum follow- 
ing a partial resection of the left lobe of the liver for certain extensive benign 
strictures of the extrahepatic biliary system was described in a previously pub- 
lished article ^ The procedure was suggested for those cases in which the usual 
methods of biliary reconstruction had proved inadequate Experimental studies 
and a report of a case in which this method was used successfully were 
presented 

Three additional patients have since been treated by this procedure and it 
IS the purpose of this paper to review our experience with the operation 

technic 

A V-shaped bilateral subcostal incision extending farther to the left than 
to the right, used in all cases, gave satisfactory exposure Extension of the 
incision to the right of the mid-hne permitted mobilization of the entire left 
lobe of the liver Although all patients had been subjected to at least three 
previous right upper abdominal operative procedures, adhesions in the left 
upper part of the abdomen were not numerous and mobilization of the left 
lobe of the liver from the diaphragm and the surrounding structures was 
readily accomplished The diameter of the intrahepatic duct isolated for the 
anastomosis was indicated by the size of the catheter which could be passed 
into the duct Case i. No 14 French catheter , Case 2, No 14 French catheter , 
Case 3, No 20 French catheter, Case 4, No 18 French catheter Smaller 
ducts, of course, were present, but if the incision was carried deep enough into 
the liver to expose a major branch of the intrahepatic biliary system, a duct 
of the desired caliber was found to be available in these adult patients with 
chronic biliary obstruction (Figs i and 2) 

The major intrahepatic ducts he m the inferior or caudal half of the sub- 
stance of the left hepatic lobe, at times quite near the inferior surface As the 
hepatic incision was carried into the middle third of the substance of the left 

* Read before the American Surgical Association, St Louis, Mo , April 21, 1949 
t Professor of Surgery, University of California at Los Angeles, School of Medicine, 
Los Angeles, California Formerly Associate Professor of Surgery, Johns Hopkins 
School of Medicine, Baltimore, Maryland 
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lobe, a dense fibious cord which contains a major branch of the intrahepatic 
bihaiy sj^stem was encountered This fibrous coid was located without undue 
difficulty as it is much firmer than the surrounding hepatic tissue Before 
dividing this structure, additional length of the duct for anastomosis ivas 
obtained if the cord was freed distally by curetting away the surrounding 
hepatic tissue Since the fibi ous coi d, howevei , contains a branch of the hepatic 
artery and a branch of the portal vein, it was incised with caution Bleeding 
from the artery and the vein must be controlled without encroaching on the 

Fig 1 



Fig 2 


Fig I — ^Cut surface of left lobe of liver with catheter 
in intrahepatic duct Rouv type jejunal segment mobil- 
ized for anastomosis Note position of duct opening 
irtimediateb'' beneath the level of the anterior abdominal 
wall 

Fig 2 — Anastomosis completed Antimesentenc bor- 
der of jejunum being sutured to superior surface of hver 
End of catheter, which passes through the anastomosis, 
can be seen protruding into wall of jejunum 


lumen of the duct For positive identification, a catheter was passed proMmalh 
into the duct and bile was aspirated before the anastomosis was begun 

A careful mucosa-to-mucosa anastomosis of the duct to the jejunum ua® 
greatly facilitated by the excellent exposure and accessibility of the end o 
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the duct piovided by the technic Instead of attempting to sutuie structures 
located deep in the hilar region of the liver, anastomosis of the duct in this 
procedure was performed just beneath the level of the anterior abdominal wall 
As many as 14 interrupted 00000 silk sutures were placed about the circum- 
ference of the anastomosis for accurate approximation of the mucosal layers 
The length of one side of the wedge-shaped segment was determined by 
the depth of the selected duct fi om the anterior edge of the liver The incision 
was continued in such a manner as to remove a segment of hepatic tissue so that 
the anastomosis might be readily performed and so that the intestine would 
not be acutely angulated when it was placed over the cut hepatic surface 

A rubber cathetei passing from the duct into the intestine was, in the 
past, sutured into the anastomosis with catgut It has been felt, however, that 
this IS unnecessary, and that the catheter might become a source of difficulty at 
a subsequent time should it not be passed 

A Roux segment of defunctionahzed jejunum was used in the later cases 
rather than the jejunal loop desciibed in the original operation This single 
limb facilitated the operative proceduie and probably provided a more com- 
pletely defunctionahzed intestinal segment than did the jejunal loop with a 
pi oximal enteroenterostomy 

POSTOPERATIVE COURSE 

A satisfactory explanation is not available for the maiked rise in the serum 
bilirubin which occurred during the first postoperative week m three of these 
cases The serum bilirubin returned to an approximately normal level within 
four weeks after operation in two cases but did not return to the normal range 
for two months in the othei two cases There was a moderate drainage of 
bile-colored fluid from the incision during the first few days aftei operation 
m all the cases, but such discharge stopped promptly after removal of the 
mtrapentoneal drains Daily elevations of temperature occurred in all the 
cases for at least Lvo and a half weeks after operation 

Postoperative complications developed in t\\o patients A large intraperi- 
toneal abscess, presumably resulting from a previous exploration, was inad- 
vertently opened during the operation in Case 3 Subsequent drainage of five 
large mtrapentoneal abscesses was requiied In addition, a high intestinal 
fistula which developed through a former operative scar, was treated by con- 
stant suction and it closed spontaneously Seveie, unexplained bleeding into 
the gastiointestinal tract, with lepeated passage of tarr_v stools during the 
second and third weeks aftei operation, occurred in Case 4 Erosion of the 
jejunal mucosa by the catheter in the bihary-jejunal anastomosis was suggested 
as the cause of this hemorrhage Repeated transfusions were given and the 
bleeding stopped spontaneously Three months after operation this patient 
was readmitted to the hospital deeply jaundiced and died within a few hours 
At postmoitem examination, the cholangiojejunal anastomosis was widely 
patent and w as u ell healed There was free communication of the right and the 
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Table I 


Case Date Postoperative 

No OperatiOD Complications Survival Remarks 

1 4/2/1947 None 2 years Well 22 months Recent upper abdominal ab 

scess and external biliary fistula which healed 
spontaneously Severe cerebral arteriosclerosis 
Biliary drainage adequate at present 

2 3/20/1948 Multiple mtra abdominal 13 months Prolonged, difficult postoperative cour'e Oc 

abscesses High intestinal casional attacks of cholangitis Nowwell Has 

fistula bile in stools Serum bilirubin slightly elevated 

3 None 1 1 months Well since operation 


4 9/14/1948 Unexplained hemorrhage 3 months Slow recovery but jaundice cleared com 

into gastrointestinal tract pletely Patient well until onset of fatal at 

tack homologous serum jaundice 
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DISCUSSION 

Walters and Phillips^ state that 20 per cent of patients operated on for 
repair of stricture of the bile duct will require another operation because of the 
recurrence of biliary obstruction Lahey,^’ ^ Cattell,® and others have empha- 
sized the difficulties encountered in secondary biliary repairs, such as extensive 
scarring in the region of the hepatoduodenal ligament, the obliteration of land- 
marks, and the destruction of the proximal end of the common bile duct or of 
the common hepatic duct 

Numerous methods have been devised for the treatment of these difficult 
recurrent cases of biliary stricture, all, however, have involved reexploration 
of this densely scarred and distorted hepatoduodenal region m which there is 
the ever present danger of serious injury to the portal vein or the hepatic 
artery When the upper end of the common hepatic duct is extremely short 
or nonexistent it is difficult to perform an accurate mucosa-to-mucosa 
anastomosis in this area, regardless of the method used 

Our experience with cholangiojejunostomy was encouraging in all four of 
the cases m which the procedure was attempted Mobilization of the left lobe 
of the liver was accomplished without undue difficulty Bleeding from the 
cut surface of the liver was satisfactorily controlled by the mattress sutures 
described in the original technic ^ The size of the intrahepatic ducts, the 
thickness of their walls, and the accessibility of the ends of the ducts made it 
possible to perform accurate mucosa-to-mucosa anastomosis with the jejunal 
segment m all cases Other surgeons^’ ^ have successfully utilized the pro- 
cedure m instances of extensive extrahepatic biliary obstruction 

It IS not known what result may be expected to follow this operation if the 
obstruction in the biliary system extends high enough to block the communi- 
cation of the left and the right mam intrahepatic ducts 

However, Lahey^ reported successful anastomosis by Doctor Cattell of the 
left hepatic duct when it was impossible to find the right because of the depth 
of the scarred duct within the liver Atrophy of the right lobe and enlargement 
of the left occurred with adequate maintenance of hepatic function If only a 
portion of the intrahepatic biliary system is to be drained, our experience 
would suggest that partial hepatectomy and cholangiojejunostomy be con- 
sidered 

Since our unsuccessful experience with this procedure in infants with 
congenital biliary strictures,^ the method has not been further pursued in 
such cases 


SUMMARY 

Intrahepatic cholangiojejunostomy with partial hepatectomy was used in 
four adult patients in whom extensive benign biliary obstruction recurred as a 
result of failure of the usual methods of biliary reconstruction 

In all cases it was technically possible to perform a satisfactory cholangio- 
jejunal anastomosis In the selected cases m which the procedure ^vas indi- 
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cated It had thiee advantages over the usual methods of repair (i) Less 
scarring and fewer adhesions were encountered m the left upper part of the 
abdomen than in the light (2) After exposure of the intrahepatic duct its 
superficial position in 1 elation to the anterior abdominal wall facilitated the 
performance of an accurate anastomosis with the jejunum (3) There were 
not any vital structures to be avoided in the immediate operative area, such 
as the portal vein and the hepatic artery 

One patient has been entirely well for 11^2 months following operation 
Two patients have been greatly improved (one for two years, the other for 
13 months) but have had intermittent difficulties related to the abnonnalitv 
of the biliary tiact One patient died three months after operation as a result 
of homologous serum hepatitis He had made a complete recovery from the 
operation and was well at the time of onset of the fatal illness 

The procedure should be considered in certain cases of extensive desti ac- 
tion of the extrahepatic biliary system if previous reconstructive procedures 
have failed 
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Discussion — Dr Richard B Cattell, Boston Mr President and Members of 
the Association Dr Walters has had a large experience in the repair of traumatic 
strictures of the bile ducts and as a result his report today is of particular interest to 
all surgeons interested in this problem The most impressive thing has been the im- 
provement of results in his last senes of cases and particularly during the past year, 
for which he is to be congiatulated 

There are two general operative methods that can be utilized to repair common 
duct strictures The first is the anastomosis of the pioximal biliary duct or ducts to 
some portion of the gastrointestinal tract Dr Walters has employed this m approM 
mately 80 per cent of his cases and prefers an anastomosis to the duodenum The secon 
method of lepair is the anastomosis of the proximal duct or ducts to the distal ^ 

’cstoring the continuity of the bilnry tract with preservation of the sphincter of ' 

It seems to us after the experience that Dr Lahey and I have reported on seiera 
occasions with the treatment of over 250 of these strictures that it is possible m tnos 

instances, irrespective of the amount of damage or amount of duct removed, to ac 

Lomplish a duct to duct anastomosis As a result of this the number of cases in 
years in which we have accomplished repair by anastomosis to the gastrointestiiia 
has markedly decreased As Dr Lahey reported before this Association last 
js enough of the duct within the pancreas that can be dissected up and utilized to ri 
a wide defect 

Comparing our expenence with that of Dr Walters, we find that our 
about the reverse of his in that we do duct-to-duct anastomosis in about 80 per 
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In the smaller number of cases m which the duct is anastomosed to the gastrointestinal 
tract, we prefer to utilize an antecolic loop of jejunum with diversion of the tract 
by proximal entero-enterostomy 

We are at present completing a follow-up study of our cases and find 8o per cent 
satisfactory results in tlie duct-to-duct anastomoses, w’heicas there has been over a 30 
per cent recurrence of sjmptoms in patients w'ho have had the duct anastomosed to 
the jejunum 

It IS surprising that it has taken us all so many years to appreciate the fact that 
leflux of contents from the gastrointestinal tract into the common duct is not responsible 
for recurrence of symptoms in these cases except rarely In this, W'e concur wnth Dr 
Walters If recurrent symptoms occur after an initial period of freedom of symptoms, 
one can be assured that there has been a lecurrence of duct obstruction 

In light of our expeiience, w'e would urge that a better search be made for the 
lower end of the common duct in the pancreas, and in spite of the fact that occasionally, 
even after finding such a duct, it w'lll be impossible to utilize it, for the most part, 
duct-to-duct suture by this method is a feasible method of repair of these strictures 

Dr Longmire’s beautiful presentation of his ingenious operation of intrahepatic 
anastomosis of the left hepatic duct to the jejunum is of considerable interest In view 
of the massive adhesions he found in the right upper quadrant m his cases, he chose 
this method rather than to attempt to find duct remnants It seems to me that there are 
two possibilities of relief of symptoms in his cases The first implies that there is a 
stump of common hepatic duct left which permits the right hepatic duct to dram through 
the short segment of common hepatic duct and drain back through the left duct which 
has been anastomosed If this is true, there is probably enough common hepatic duct 
to accomplish some anastomosis directly The second possibility is that only the left 
lobe of the liver is being drained I should like to call attention to an experience we 
have had in six patients in w'hom only one hepatic duct w’as anastomosed w'hen the other 
duct could not be found w'lthin the hilum of the liver 

Surprisingly enough, with one lobe of the liver drained, two of these patients have 
had good results, but this has been followed by extensive atrophy and shrinkage of the 
opposite lobe, as w^e ha\e determined on re-exploration Based on this experience with 
six cases of anastomosis of one hepatic duct, I think w’e will need to reserve judgment 
on this type of operation until we have autopsy findings on these cases to show that 
W’e are actually draining both ducts by the operation w’hicli Dr Longmire proposes 


Dr Thomas H Lanman, Boston We at the Children’s Hospital agree w'lth Dr 
Walters’ theory about retrograde cholangitis In our cases of congenital anomalies of the 
bile ducts in which we have been able to anastomose either the hepatic or the common 
duct to the duodenum, we do not find that retrograde cholangitis is a problem 

In our series, some cases of which have been followed for 18 to 20 years, if there 
IS an adequate stoma, these patients do not exhibit evidence of a retrograde infection 
In doing an anastomosis in these small patients it is likely that the stoma is relatively 
much larger than in an older patient and, of course, there is no sphincter of Oddi 
We, therefore, feel that an obstructive element is the cause of retrograde cholangitis, 
and not a large stoma 


Dr Warren Cole, Chicago It is rather apparent from the discussion of these tw’o 
papers that w-e must be familiar w'lth several different types of operations w’hen we deal 
with a stricture of the common duct 

I think Dr Longmire’s procedure is one w'hich wall definitely be of value in many 
c ises I have used it, but only in one patient m w’hom I could not find a duct at the hilus 
except at a distance of almost tw’o inches within the Iner We cut across the left lobe 
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of the liver and encountered a fairly large duct which was anastomosed to a looo of 
jejunum ^ 

I agree with Dr Walters that cholangitis is in general an expression of obstruction 
However, we have had two patients in whom we think we have proved that reflux did 
cause the cholangitis Early in our work we anastomosed a loop of jejunum to the hilar 
duct in five patients, four of whom had poor results with persistence of chills and fever 
I reoperated two of them within a few weeks but found the stoma between the duct 
and jejunum entirely patent Since x-ray examination with barium revealed regurgita- 
tion, I decided to interrupt the ascending loop going to the hilus of the liver The 
chills and fever stopped and both patients promptly got well They had immediate relief 
from their chills and fever, merely by prevention of the regurgitation We are definite]) 
of the opinion that reflux was the cause of the cholangitis particularly since we did 
nothing to the stoma 

I want to call attention to a remark Dr Cattell just made on the ability to find 
perhaps only one duct at the hilus We have had an experience like that in one patient, 
unfortunately, we found only the left hepatic duct After looking futilely for the right 
duct, I anastomosed the jejunum to the left hepatic duct Strange to say, this patient 
made a very satisfactory recovery and has had no symptoms whatsoever, except that 
she has retained a mild jaundice but with no chills and fever I don’t know what is 
going to happen, but she has progressed satisfactorily for two years Dr Cattell re- 
marked about atrophy of the other lobe of the liver, when its duct remains completely 
obstructed for a prolonged time I don’t know when this would take place, but already 
in our patient the left lobe has enlarged and the right has receded in size 


Dr Frank H Lahey, Boston Dr Cattell has said practically everything we would 
like to say regarding our experiences with bile duct strictures, but I would like to add one 
or two things from the relatively large experience we have had with this very difficult 
problem that may be helpful to anyone who has to operate upon patients with such 
strictures 

I think none of us is going to fail some time or other to have to deal with these 
problems, and anything that anyone can add that will be helpful, just as Dr Longmire 
has helped in the development of his ingenious procedure, is going to be worth while 
These bile duct strictures are difficult problems The search for the injured ducts 
in the scar tissue of many of these patients who have been operated upon so many times 
IS, to say the least, a trying and a very serious problem I would like to add just a 
few things out of these experiences which may be helpful to anyone operating upon 
patients with such strictures or duct defects 

I do not know of anything more worrisome in these cases than to open the portal 
vein, but having done it at least six times, I would like to give anyone comfort b) 
saying that the pressure in the portal vein is low, and that with good exposure the 
portal vein can be controlled by quite rough suture I do not think that it is something 
which you would want to practice every time you repair a bile duct stricture, but it is 
comforting, particularly at the height of the difficulty, to know that largely it is con 
trollable 

Another thing that has arisen in my experience and m Dr Cattell’s and Dr ar 
shall’s IS that we have hesitated to reoperate immediately upon these patients when ej 
have been sent to us within a short time after the injury has taken place because o t e 
fear of soiling and because of the bleeding and the oozing, hut that is m some cases 
a more desirable time to operate on them than later If you operate upon these patien^^ 
soon after they have had their ducts injured, you will often have the best c ance ^ 
finding cut ducts easily The reason is that there is not then the firm scar an 
which will be found later, the ducts are still flexible, and while the oozing an 
make the operation anything but beautiful, they are not harmful and apparently n ^ 
interfere with the end result 
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I must also reiterate that we have had to learn the very hard way to find these 
cut ducts m very dense scar tissue and adhesions, and I am delighted that Dr Walters 
has said that he is now able to find them It means you must turn the duodenum over 
You must go through all the troublesome oozing that comes from the little vessels 
along the edge of the mobilized duodenum You must split the head of the pancreas 
This cut pancreas bleeds distressingly, and you think it will never stop, but it always 
does with pressure and ligature, and with patience you can find the lower end of the 
duct and can, m most cases, so mobilize it that the severed ends can be approximated 

One other thing I would like to bring to your attention is the fact that in almost all 
cases you can fulgurate out the common hepatic or right and left hepatic ducts from 
within the surface of the liver Dr Cattell has just successfully anastomosed the cut 
ducts in one of these patients who had had eight previous operations I have just sent 
one patient home with a successful anastomosis who had seven previous attempts at 
repair With patience and exposure, you can find most of these ducts and anastomose 
the ends 

We believe these anastomoses, particularly of the hepatic and common ducts, should 
be supported by a dowel m the form of a T tube for at least a year or 14 months 
It IS very undesirable to put the T tube through the line of anastomosis, but if you 
can put it below or above and have a limb of the tube go through the anastomosed area, 
which can and sometimes does stricture, you then keep this area open for at least a 
year, and I think you then have a much better chance of permanent patency of the 
anastomosis 

Dr Waltman Walters, Rochester, Minn I want to congratulate Dr Longmire 
on his excellent contribution to the surgery of stricture of the extrahepatic bile ducts 

I thought you might be interested in a cholangiogram (Fig i) which confirms 
what Dr Longmire said regarding the communication between the right and left intra- 
hepatic biliary tree The patient whose cholangiogram is shown in Fig i was a woman 
on whom I operated twice for stricture of the common duct and was unable to find 
any extrahepatic duct I inserted a rubber catheter of small size through the parenchyma 
on the superior surface of the left lobe of the liver into a dilated hepatic duct The 
intrahepatic communication of the biliary ducts is evident in the cholangiogram and it 
IS evident that if the left hepatic duct were anastomosed to the jejunum as Dr Long- 
mire has shown, drainage of bile from both lobes could be obtained 

I am of the opinion that permanent results of duct-to-duct anastomosis are not 
going to be as good as those following anastomosis of the duct to intestine because 
of the danger of contracture on anastomosis of the ends of the ducts Results were ex- 
cellent in 82 per cent of my first series of cases in which the duct was anastomosed 
to the duodenum, in contrast to 55 per cent in which the ends of the duct w'ere joined 
( Slide) 

In the second senes results were practically identical, they were excellent m 50 
per cent of the cases in which duct-to-duct anastomosis was employed and in the other 
50 per cent of these cases symptoms recurred The percentage of excellent results was 
as high in cases in which choledochoduodenostomy was employed in my second series 
as m the first series The similarity of these percentages in both series is significant, I 
believe 

Physiologically it would seem better to anastomose the duct to the duct in order 
to preserve the mechanism of action of the sphincter of Oddi than to anastomose the 
duct to the duodenum I believe, however, that contracture is going to follow this cir- 
cular type of anastomosis in more cases than we would suspect A nonabsorbable foreign- 
body splint cannot be used within the common bile duct without its having to be re- 
moved later Bile will accumulate m the interior and around any splint in the duct, 
whether it is a vitallium tube, a polythene tube or a rubber tube Furthermore it will 
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not pass through the sphincter of Oddi unless sufficient length of tube extends be}ond 
the sphincter so that it will be pulled out by peristalsis 

In 1923 Dr McArthur of Chicago suggested the use of a rubber ureteral catheter 
to serve as a temporary splint for the common duct It extends through the sphincter 
of Oddi, but is maintained in position with a silk suture passed through it and brought 
to the exterior of the body where it is anchored to a button I have used this method 
in innumerable cases m which I have employed duct-to-duct anastomoses I bare kept 
the catheter m for as long as a \ear, and I think it is preferable to the T tube because 



Fig I — Complete stricture of the extrahepatic bile 
Cholangiogram was taken after a catheter had been introduced 
through the periphery and superior surface of left lobe of h\er 
into a dilated hepatic duct Cholangiogram shows communication 
between left and right intrahepatic ducts 


when the T tube is pulled out, the opening left in the duct closes by contractive 
with scarring of the duct 

I think we must concentrate now on determining whether or not duct 0 
anastomosis, and all it entails, gives superior results, which have not been apP 
in my groups of cases, to the anastomosis of the duct to the intestine, and uhe 
anastomosis of jejunum to the stump of the common duct either with jejunojejun 
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or a Roux-Y jej unostomy gives results superior to the more easily performed biliary 
duodenal anastomosis It has been my pleasure to present the results of such operations 
in my cases 

Dr W P Longmire, Jr, Baltimore Mr Chairman, I wish to thank the dis- 
cussants and to say that we have been greatly influenced in the development of this 
procedure by the ideas that Dr Walters has expressed for a number of years, namely, 
the importance of performing a careful mucosa-to-mucosa anastomosis, and the im- 
portance of such a careful anastomosis in preventing subsequent cholangitis 

We do feel that in the left hepatectomy procedure it is possible to obtain a better 
exposure of the end of the duct and to perform a more accurate anastomosis than would 
be possible when working deep in the hilus of the liver 

We have been influenced also by the statements of Dr Cole, Dr Allen and others, 
in regard to anastomosing the duct to a defunctionalized portion of the intestinal tract, 
and that accounts for the use of the Roux jejunal segment m this procedure 

We are very heartened to hear of Dr Cattell’s experience with anastomosis of the 
left hepatic duct at the hilus of the liver We have previously earned out some investi- 
gations to determine the portion of the liver which is drained by both the right and the 
left ducts, and feel that even if the obstruction were high enough to block the com- 
munication of the two ducts, a condition which we think occurs very infrequently, 
there is still enough liver tissue drained by the left duct that an anastomosis of this 
duct with the jejunum would provide adequate biliary drainage Such seems to have 
been the experience in Dr Cattell’s cases Thank you very much 
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One or the generally accepted principles of abdominal surgery is that 
areas denuded of peritoneum should be reperitonealized prior to closure of 
the abdominal cavity after celiotomy The reason for this is the belief that 
such denuded areas are very likely to become the points of adhesions for loops 
of bowel which shortly thereafter are more firmly attached because of fibrous 
tissue organization of the exudate that develops between the serosa covered 
bowel and parietal or other area devoid of peritoneum Such attachments are 
believed to favor angulations and torsions which m turn might cause intestinal 
obstructions 

In radical excisions of various types of large intra-abdominal neoplasms 
it became necessary in many instances to remove large areas of both anterior 
and posterior parietal peritoneum and the conditions were such that reperi- 
toneahzation of the denuded areas was not possible, so that they were left 
bare ^ No instances of postoperative intestinal obstruction have so far been 
encountered due to adhesions alone after several months to years following 
these operations When obstructions have been observed, as indeed they have, 
months to two or more years after operation, the cause has been invariably 
recurrence of neoplasm in the mesentery of the bowels or between intestinal 
loops Not only have anterior and posterior parietal areas been left denuded, 
but in over 45 instances of complete excision of pelvic viscera the entire true 
pelvis was stripped of its peritoneal covering, the small bow'els permitted to 
descend into the pelvis and come into contact with the musculo-fascial and 
osseous surfaces of the pelvic parietes, and there have been no instances 0 \/ 
postoperative obstruction due to adhesions ' 

Furthermore in over 20 additional instances where the bladder and interna 
female genitalia were removed with conservation of the rectal colon, but no 
repentonealization carried out, there have been no intestinal obstructions ^ 
over a hundred radical panhysterectomies with pelvic lymph node dissections 
and no repentonealization of the lateral pelvic areas and areas previously occu 
pied by the uterus and broad ligaments, there have been no instances of 
operative intestinal obstructions due to adhesions 

Failure of repentonealization was at fiist not intentional, but resulte ro 
the fact that there was not sufficient peritoneum remaining be cause of the wi^ 

* Read before the American Surgical Association, St Louis, Mo, April 21 , I949 

466 



Volume lift 
Number *’ 


DEPERITONEALIZATION 


resection necess&ry to excise tlie several types of neoplasm It must be admitted 
that some misgivings prevailed at first concerning subsequent complications due 
to adhesions that weie expected to occur These complications did not 
materialize 

A series of experiments N\'ere carried out in dogs to obseive what might 
develop in the peritoneal cavity after large areas w ere stripped of peritoneum 
or where the abdominal wound uas closed without approximation of peri- 
toneum 


EXPERIMENTAL 

Dogs^ptyboth sexes and of varied breeds w^ere employed Operations wei e 
carried out undei the usual aseptic precautions with nembutal anesthesia 

Dog 16 I 

May 24q 1948 ySegments of peritoneum on anterior abdominal wall were resected 
(also omentectomy/and splenectomy), 14 by 4)4 cm , on each side of mid-line Fig lA 
July 7, 1948 Celiotomy, no adhesions, denuded areas were smooth and glistening 
Another area of anterior parietal peritoneum, 4 by 3 cm , was resected 
July 13. 1948 Exploratory celiotomy, no adhesions 

Sept 24, 1948 The dog was killed There were no adhesions to the denuded areas , 
the latter appeared smooth and glistening as if reperitonealized Fig iB 

Dog 17 

May 28, 1948 A segment of the anterior parietal peritoneum w'as removed, 14 by 
12 cm 

July 9, 1948 Celiotomy There were a moderate number of fibrous adhesions between 
bowel and denuded area There was lysis of adhesions 

Aug 18, 1948 Celiotomy A segment of anterior parietal peritoneum about one 
silk suture was removed Several loops of small bow'el were attached to the upper third 
of the denuded area , the remaining portion of the latter was smooth and glistening 

Sept 17, 1948 The animal was killed The area site of resected stitch smooth and 
glistening There were many adhesions between the loops of small bowel and anterior 
abdominal wall 

Dog 18 

May 28, 1948 A segment of peritoneum 15 by 14 cm was excised from anterior 
abdominal wall The animal was killed 41 davs later There were no adhesions The 
denuded surface ivas again smootli and glistening, and had the gross appearance of being 
covered with peritoneum 

Dog 20 

June 15, 1948 A segment of peritoneum 14 bv 14 cm was excised from the anterior 
abdominal wall 

July 23, 1948 Celiotomy was again performed One loop of bowel 2 bj 4 cm was 
fixed to the anterior abdominal wall The remaining portion of denuded area was smooth 
and glistening Adhesion was broken 

Aug 20, 1948 Celiotomv The denuded area was now smooth and glistening 
Aug 28, 1948 Died (eientration) The denuded area was smooth and glistening 

Dog 22 

June 23, 194S A segment of anterior parietal peritoneum 14 by 14 cm was excised 
Aug 23, 1948 Celiotomj Adhesions between bowels and denuded area were pres- 
ent, but most of the latter seemed to !ia\e become reperitonealized 
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Dog 021 

Nov 23, 1948 A segment of peritoneum 12 by 15 cm was excised from the rwht 
anterior parietal region ® 

Jan I, 1949 Celiotomy No adhesions, denuded area was smooth and glistenine 
appeared to have become reperitonealired ' 



B 

Fig I — Dog 16 (A) Photograph of two large segments of anterior parietal 
peritoneum each 14 by 4 to s cm stripped from either side of midline celiotonij 
wound (B) Photograph of excised segment of anterior abdominal wall taken at 
necropsy 4 months after initial depentonealization and two and one-half months mter 
second stripping of reformed peritoneum Note smooth glistening surfaces to which 
there were no bowel adhesions A new layer of peritoneum had reformed in this area 


Dog 02B3 

Nov 26, 1948 A segment of peritoneum 7 by 10 cm was excised from the Ic ^ 
anterior parietal region 

Jan 12, 1949 Celiotomy An area 2 by 1 cm of inferior pole of spleen was adhemnt 
to the denuded area , the remainder of the denuded area was smooth and glistening 
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area was denuded November 26, I 94 ^> ^nd was again denuded of smooth glistening 
"peritoneum ” 

Feb 25, 1949 Celiotomy A small area of omentum (i by i cm) was slightly 
adherent to the previously denuded area Bowels were not adherent The denuded areas 
were smooth and glistening 

Dog 02B2 

Nov 26, 1948 A segment of peritoneum 7 by 12 cm was excised from the mid- 
anterior abdominal wall 

Jan I, 1949 Celiotomy Seropurulent fluid was found in the abdomen Three loops 
of small bowel were lightly adherent to the denuded area and were readily freed Areas 
of bowel adhesions measured approximately 4 by 2, i by Ij 4 , and 2 by i cm 

March 4, 1949 Celiotomy No adhesions were noted The denuded areas were 
smooth and glistening 

Dog 02B4 

Nov 26, 1948 A segment of peritoneum 12 by 10 cm was excised from the left 
anterior abdominal wall 

Jan 19, 1949 Celiotomy, no adhesions The denuded area was smooth and glisten- 
ing It had the appearance of being covered with peritoneum 

Dog 02B13 

Jan 19, 1949 A segment of peritoneum 8 by 7 cm was excised from the mid-portion 
of abdominal wall 

Feb 2, 1949 The dog was killed by another dog There were no adhesions of bowel 
to the denuded area , there was one thin adhesion of omentum to the denuded area Fig 2 

Dog 02D7 

Dec 3, 1948 The omentum, spleen and tail of the pancreas were-resected The wound 
closed without approximation of the peritoneum 

Jan 26, 1949 Celiotomy, no adhesions were present to the under surface of 
laparotomy wound 

Dog 02D10 

Dec 13, 194S Spleen, omentum, right kidney and adrenal were resected The wound 
closed without approximation of peritoneum 

Feb 2, 1949 Celiotomy, no adhesions were found beneath the previous wound 

Dog 02D13 

Jan 28, 1949 Cholecystectomy The wound closed without approximation of 
peritoneum 

Feb II, 1949 Celiotomy There were no adhesions to the previous wound, the 
underlying loops of bowel were free 

DISCUSSION or EXPERIMENTAL! RESULTS 

The least radical disruptions of the peritoneal surfaces are represented bv 
Dogs 02D7, 02D10, and 02D13, in which the celiotomy wounds were closed 
without closure of the peritoneum at all, as a separate layer While the series 
IS small, re-examination revealed, 54 days, 51 days and 14 days after the initial 
operation, no evidence of fibrous or fibrinous adhesions of bowels to the region 
of the operative wound, where peritoneum had not been approximated 

In ten instances large segments of peritoneum were excised and subsequent 
reoperation in several weeks revealed no adhesions between bowels and 
denuded areas in six of the animals In four instances there were adhesions 
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In Dog 17, there were moderate fibrous adhesions between bowels and deperi- 
toneahzed area 42 days aftei the denudation These were severed, and at a 
third celiotomy, 40 days after the second, the adhesions had not recurred except 
for one at the site of a silk sutuie in the abdominal wall At necropsy, 30 days 
aftei the third opeiation, many fibrous adhesions had again formed between 
bowels and anterior abdominal wall In Dog 20 a large area (14 by 14 cm ) 
had been depentonealized, and 38 days later only one loop of bowel over an 
area 4 by 2 cm was adheient to the denuded area Twenty-eight days after 





Fig 2 — Dog 02B13 Photomicrograph of junctional zone between A, undis- 
turbed peritoneum and, B, area (8 x 7 cm ) depentonealized two weeks previously 
The dog had been killed accidentally by another animal and the depentonealized 
area was smooth, glistening and presented no adhesions Note P, distinct layer ot 
peritoneum in previously depentonealized area T, newly found fibrous tissue in area 
previously stripped of peritoneum 

this had been liberated no adhesions were found, and the whole of the originally 
denuded area had become smooth and glistening In Dog 22, there were fibrous 
adhesions between bowel and denuded area 61 days after the deperitonealiza 
tion The adhesions found in Dog 02B2 probably w ere stimulated, in part at 
least, by the chronic pentonitis present The marked healing tendency of the 
peiitoneum is well illustiated by Dog 02B3, wheie one denuded area 10 b) 7 
cm was cieated and found smooth and glistening 47 days later, at which tune 
the same aiea was again denuded of reformed peiitoneum and, at the tiir 
operation 44 days later, the area again found to be smooth and glistening u 
out adhesions to underlying loops of bowel 
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Microscopic examinations were made of sections taken through the areas 
denuded of peritoneum and which, weeks later, exhibited smooth glistening 
surfaces with what seemed to be reformation of a new peritoneum (Fig 2) 
There was loose vascularized connective tissue in these areas over which a 
membrane had reformed, one cell in thickness The latter cells were flattened 
and appeared identical with the peritoneum m the intact adjacent areas where 
denudation had not been carried out The mode of formation of the new peri- 
toneum was not investigated in detail, and undoubtedly was derived from one 
of two sources or from both, viz , ( i ) proliferation of peritoneal cells from 
adjacent undeperitoneahzed areas to cover the defects, and (2) condensation 
of fibroblasts from the subperitoneal tissue to form new peritoneal cells in 
response to a functional demand 

'* One feature would appear to be of special interest, and that is the situation 
m human patients where all of the musculo-fascial components of the abdom- 
inal wall are excised, leaving skin and subcutaneous fat only to constitute the 
abdominal wall During the months following such procedures the abdominal 
wall appears to have become thickened, denser and less elastic, indicating 
that the fibrous tissue elements of the abdominal wall in these areas have 
proliferated to add strength to the abdominal wall No hernial sacs develop, 
due undoubtedly to the lack of a narrow defect in an otherwise more rigid 
wall, the latter conditions obtaining when there is a limited separation of the 
deeper layers m an abdominal wound that was closed in the conventional man- 
ner, as occurs m the usual development of a postoperative incisional hernia 
Two specific examples may be cited 

Case 1 — M D , age 53 years, admitted to Memorial Hospital m January, 1948, 
complaining of pain in the right abdomen, where there was also a palpable mass, obviously 
recurrent neoplasm invading the right abdominal wall He had previously received an 
excision of the cecum for carcinoma with ileo-transverse colostomy, in another institution 
On March 16, 1948, celiotomy was performed and the recurrent carcinoma excised, 
together with the musculo-fascial and peritoneal components of the right lower portion 
of the abdominal wall, 70 cm of ileum that was adherent about the recurrence, the lower 
third of the right lobe of the liver, the upper ascending and right third of the transverse 
colon, and an elliptical portion of the wall of the second (descending) portion of the 
duodenum together with the mesenteries corresponding to the excised portions of bowel 
and the right kidney and ureter and retroperitoneal tissues An ileo-transverse colostomy 
was done The abdominal wound was closed and over most of the right abdomen the 
parietes consisted of only skin and subcutaneous fat 

Convalescence was complicated by (a) infection of the upper portion of the wound 
(but no dehiscence), (b) thrombophlebitis right calf and small pulmonary infarct He 
was discharged on the 42nd day In a few weeks he returned fo work and subsequently 
gamed 33 pounds in weight 

He was readmitted Julj 21, 1948, for drainage of an abscess 111 the right abdom- 
inal wall 

the end of a \ear the abdominal wall m the region vhere it was constituted b} 
onh skin and subcutaneous fat was, of course, more flaccid than the opposite side and jet 
served \erj well as a parietes Except for some bulging there was no frank herniation, 
Fig 3 
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On March 3, 1949, he was readmitted with clinical signs and symptoms of small bowel 
obstruction Celiotomy was again performed through a right paramedian incision, and 
this incision was almost entirely in the area in which the abdominal wall nas constituted 
by skin and subcutaneous fat When the peritoneal cavity was entered there were no 
adhesions between the anterioi parietes and the underlying loops of small bowel The 
area on the right side from which all peritoneum had been stripped a little over a vear 
previously was now observed to be covered by a smooth glistening surface which appeared 



Fig 3 Fig 4 

Fig 3 — Case i M D Photograph of anterior abdominal wall approMmately 
one year after excision of recurrent carcinoma of ascending colon that had invaded 
the anterior abdominal wall Large circular marking on skin indicates the approxi 
mate extent of resection of the musculo-fascial components of the abdominal wall, 
and in this area the parietes were composed of skin and subcutaneous^ fat only 
There was moderate bulging but this in no way interfered with patient’s general 
condition, and he returned to work full time and gained 35 pounds in weight 
Shaded area indicates approximate region denuded of peritoneum A year later the 
patient was again operated upon for intestinal obstruction, which was found 
due to small recurrence constricting loop of ileum No adhesions were observed 
between bowels and previously deperitonealized area (See Figs 4 & S) 

Fig 4 — Case 1 M D Photograph was taken at celiotomy performed one yea 
after previous excision of recurrent carcinoma of ascending colon invading right 
abdominal w'all At the previous operation musculature, fascia, and anterior 
peritoneum over a large area of the abdominal wall had been excised, and t 
abdominal parietes in the region consisted only of skin and subcutaneous fatty tissue 
(See Fig 3) The above photograph was taken after a right paramedian incisio 
The lateral edge of the wound is readily elevated, revealing no adhesions to 
lying bowel, and there has been a reformation of smooth glistening transpa 
surfaces identical m appearance to peritoneum 

to resemble peritoneum and, to all intents and purposes, appeared to be a new peritone ^ 
layer that had become reconstituted m situ or by growth from adjacent peritonea 
(Fig 4) Strips of this reperitoneahzed tissue were excised for fixation in forma m, an^ 
sections cut for study Fig 5, a photograph of one of the sections, shows the presence 0 
veritable peritoneum 

The obstruction was found m the small bowel near the ileo-colostomy, an was 
not to adhesions but to a disc-shaped mass of recurrent neoplasm that had g ^ 
loops of the small bowel together with marked constriction of the lumen of one 0 
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loops Resection of the involved loops, together with more mesentery and the right half 
of the remaining transverse colon with the old ileo-colostomy, was carried out, and a new 
cinastomosis between lower jejunum (or upper ileum) and transverse colon just proximal 
to the splenic flexure was performed 

Convalescence was satisfactory except for a limited wound infection 
The situation m the patient described above is quite comparable to the experiments 
carried out in dogs, where peritoneum was excised over large areas and where, at subse- 
quent celiotomy, no adhesions were found between underlying loops of small bowel and 
the denuded parietes, and where reformation of a peritoneum-like membrane occurred over 
the denuded area 



Fig 5 — Case i Photomicrograph of peritoneal aspect abdominal wall 
which one year previously had been excised en masse with recurrent carci- 
noma of ascending colon The abdominal wall after this operation consisted 
of skin and subcutaneous fat only Note T, distinct layer of peritoneum that 
has appeared over deep surface of subcutaneous fat that was exposed to the 
peritoneal cavity 


Another instance of good functional abdominal parietes following extensive resection 
of musculo-fascial and peritoneal components is afforded by the following patient 

Case 2 — Y , female, age 23 j^ears She previously had several successive resec- 
tions of a neoplasm in the right lower quadrant of the abdominal wall that recurred 
repeatedly Histologic diagnosis Sarcoma, pleomorphic Roentgenray therapy had also 
been given 

On June 27, 1947, a wide resection of the musculature and fascia of the right lower 
abdominal wall was carried out, the incisions encompassing widely the gross limits of 
the tumor When the peritoneal cavity was entered it was obser\’-ed that the cecum and 
ascending colon were adherent to the deeper surfaces of the tumor Accordingly a right 
hemi-colectoni} was performed en masse with the segment of right abdominal ^valk 
Closure of the wound w-as carried out in such a manner that only skin and subcutaneous 
fat formed the abdominal w'all over a large area of the right low'er parietes The general 
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Condition was very satisfactory after operation, and during the ensuing months the portion 
of abdominal wall mentioned above became somewhat rigid and did not bulge undulj 
when the patient coughed She was seen again a year and a half after the initial oper 
ation, she was six months pregnant and roentgenograms of the chest revealed diffuse 
metastases m both lungs General deterioration had not yet begun to manifest itself The 
right lower portion of the abdomen continued to appear firm and there was no excess 
bulging (Fig 6) 



Fig 6 — Case 2 M Y Photograph of abdominal wall 
a year and a half after extensive excision of musculature, 
fascia and neoplasm (sarcoma) of lower right quadrant, 
together with right colon adherent to under surface An 
elliptical portion of the skin was also excised Outline 
on skin indicates the approximate extent of musculo- 
fascial resection and m this area the abdominal parietes 
consisted of only skin and subcutaneous fatty tissue 
Shaded area indicates approximate extent of peritoneal 
denudation at the time of the operation Photograph 
taken at sixth month of pregnancy, and at this time there 
were bilateral pulmonary metastases, but the patient s 
general condition remained satisfactory 


COMMENT 

That adhesions may occur following celiotomy, and that these ma} subse 
quently give rise to intestinal occlusion or he the cause of volvulus, nee s no 
comment or elaboration This is a long recognized fact The cause of sue ^ 
adhesions, however, is probably not as readily explained as might be genera 3 
supposed, 1 e , on the basis of trauma to peritoneum, or defects m pen one ^ 
surfaces, the healing of which leads to adhesive bands to underlying 0 p 
of bowel 
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It would appear that denuded parietal surfaces m the peritoneal cavity read- 
ily heal by proliferation of peritoneum at the margins of the area and/or by con- 
densation of connective tissue in the denuded area to form a new smooth glisten- 
ing surface membrane (peritoneum) It would appear that such reconstitution 
of peritoneal surfaces is the normal sequence and that this readily occurs unless 
other factors supervene Among the latter may be mentioned infection, which 
stimulates fibrous tissue reaction and possibly interferes with the reappearance 
of the condensed superficial layer of tissue (peritoneum) Furthermore, there 
IS the as yet undefinable tendency m some individuals to react to trauma by 
overproduction of fibrous tissue with dense collogenic interstitial substance 
The studies cited m the above report are not interpreted to indicate that 
complete disregard for reperitonealization is advocated They are interpreted 
as suggesting that reperitonealization is not of sufficient importance to weigh 
heavily in determining the mode of procedure for radical extirpation of abdom- 
inal malignant neoplasms and that when reperitonealization of certain areas is 
not possible and is not carried out, this factor alone should be of no great 
concern m regard to possible subsequent development of adhesions which in 
turn may lead to angulation of bowel with occlusion or to volvulus of one type 
or another Furthermore it may be inferred that after a complex and lengthy 
procedure, prolongation of the operation for meticulous approximation of the 
peritoneal layer in wound closure is not important enough to appreciably delay 
termination of the procedure and return of the patient to bed 
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Discussion — Dr Harvfy B Stonf, Baltimore Mr President and Members, I 
agree with the comments and the very interesting reports of Dr Robbins and Dr 
Brunschwig concerning excisions and removal of the parietal peritoneum It has been 
mv experience in excisions of the right side of the colon and of the left side of the 
colon that I was unable to do what I w'as directed to do by many authorities on this 
subject, namelj', cover this defect by transplantation of peritoneum, because the defect 
extended often from the diaphragm to the brim of the pelvis and from the midflank line 
to the lateral margin of the vertebra, and in my hands, at least, there wasn’t a possi- 
bihtv of covering the defect 

With consideiable trepidation I permitted this raw^ space to remain for lack of any- 
thing to do about it, and discovered in a number of subsequent explorations of such 
abdomens that tlicie w’as not, as the essajust has described, an\ extensive development 
of adliesions between the movable viscera and this denuded area, and that it had 
co\ered wuth a gbstemng surface winch was to the naked eve undifferentiated from the 
rest of the peritoneum 

Howc\er I think we must be careful in drawing inferences too broadly from w'hat 
lias been said I wmuld like to ha\c in the published paper a little clearer distinction 
made between raw' surfaces of a parietal nature and those of -visceral nature 
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Nothing m my experience-and, I must add, nothing in the experience as presented 
by the essayist— controverts the established principle that raw surfaces of gut and 
omentum are prone to develop dangerous adhesions with consequent obstructive condi- 
tions resulting, and that one must sharply distinguish between the importance of raw 
surfaces of parietal nature and of visceral nature, and that it is still imperative in good 
surgery to do what may be done to protect these raw surfaces of a visceral nature 
I should like to call attention to a recent article by Dr Jere Lord and his asso 
dates in which he called attention to the Noble maneuver for plicating raw surfaces 
of peritoneum so as to self-cover the denuded surfaces I believe that is a method which 
deserves much wider recognition than has been accorded it 

Mr President, I am about to do something which I realize has no justification 
I want to say that while I agree with what has been said about the significance and 
importance of raw surfaces of parietal peritoneum as related to these extensive opera- 
tions, I would not like to be understood as agreeing that these operations in themselves 
are always desirable or defensible 

If I may extend the field of discussion a bit, I should like to call your attention to 
the fact that there is now a widespread tendency to extend tremendously the anatomical 
scope of attacks on cancer There are certain things that I think we need to sharpen our 
thinking about in this regard 

In the first place, these procedures are not new methods of treating cancer, they 
are simply extensions of the accepted method, which consists of ablation of structures 
which are involved or may be involved in cancer It is the best way we have at present 
for treating cancer, and our best is a very poor best We must admit that This new 
extension of the accepted principle of destruction is m no sense a new attack on the 
cure of cancer 

We are asked to extend these procedures to a degree which approaches what the 
economist speaks of as the point of diminishing returns, even though it be accepted that 
there is a salvage, a small percentage salvage, among the victims, shall I say, of these 
extensive operations One has to weigh against that salvage the loss of function, the 
mutilation and the deterioration of health which often results It is a question of 
balancing the possible advantages of salvages of these procedures against the increased 
mortality and increased morbidity and increased mutilation 

An analogy was made yesterday in one of the talks between the search for the last 
residual node and the attempt of a bird dog to go through a barbed wire fence to get 
a bird I would like to suggest that the occasional bird which is recovered perhaps 
would not compensate the farmer for the destruction of the fence 

I think it might be well for us to balance these things carefully, and, shall I say 
conservatively (that is a terrible word to use) before we commit ourselves too gen 
erally to this type of surgery 

Dr Owen H Wangensteen, Minneapolis, Minn Mr Chairman and Gentlemej^ 
we have all listened with much interest to the presentation by Drs Brunschwig an ^ 
Robbins They put the larger emphasis on the question of intestinal obstruction 
obviously IS a matter of some importance — but I would think the larger 
importance would be how the absence of wide areas of peritoneum influences the ea 
of intestinal anastomoses , 

A number of years ago, when we wei e toving with the elective primary m 
resection in strangulated intussusceptions. Dr W P Ritchie and I extraperitone ^ 
an anastomosis which we had made in an infant, not being certain that it 
good thing to leave it m the peritoneal cavity We had planned to drop t e 
back into the peritoneal cavity About the fourth day, however. Dr Rite ^ '^jjnenta! 
a leak in it Another of my associates, Dr R E Buirge, then in the 
Surgical Laboratorv, made a number of extraperitoneal as well as e\ r 
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anastomoses, leaving the blood supply intact These anastomoses all leaked I believe the 
peritoneum affords an anastomosis some protection against leakage I am not talking 
about the loss of peritoneum after hemicolectomy My reference is to instances in which 
peritoneum is excised over large areas — operations in which the greater portion of the 
posterior parietal peritoneum to the lower abdomen and pelvis is sacrificed in the ex- 
cision of large adherent cancers in the lower abdomen, and cases in which intestinal 
anastomoses are made in that area 

I have the feeling that one may leave such an operation with a greater sense of 
security with reference to the healing of single or multiple intestinal anastomoses if 
there is peritoneum there I would like to ask Drs Brunschwig and Robbins if they 
have had occasion to feel that extensive deperitonealization vitiated the healing of in- 
testinal anastomoses made in the immediate vicinity of the depentonealized areas^ 
For a number of years in patients upon whom I have found it necessary to excise 
large areas of peritoneum in the pelvis in the presence of concomitant intestinal 
anastomoses, I have employed a loop of the terminal ileum and its mesentery to re- 
peritonealize the pelvis and to construct a new pelvic peritoneal floor In concomitant 
excision of the uterus and pelvic organs, when the rectum is amputated in its mid- 
portion, such a loop can be applied against the posterior aspect of the coloproctostomy 
This maneuver applies a supporting tissue to that anastomosis, at the same time it 
piovides a means of reperitonealizing the posterior portion of the abdominal wall after 
sacrifice of its peritoneum One can take this loop, suture it here and there, fan the 
mesentery out, and make an entero-anastomosis proximal to the cecum This loop 
empties itself and covers the whole denuded area very nicely, moreover, it affords 
protection against leaks to any juxtapositional intestinal anastomoses 

All of us know that a dry wound is essential to healing, whether it be in a tooth 
socket, the pleura, the abdominal wall, or in the peritoneal cavity If an anastomosis 
hangs suspended in a free space, unsupported by pliable tissues, it is not going to heal 
very well I do not believe we should discount protection to intestinal anastomoses of 
adjacent peritoneum 

There are three operations which many of us do frequently, m which we do not 
lely too much upon available serous surfaces One is a thoracic esophageal anastomosis 
However, if we can mobilize pleura or the pulmonary ligament to cover the anastomosis, 
we feel better about it The second is the Finsterer antral exclusion operation The 
third IS an extra or subpentoneal anastomosis of the rectum Yet, in all these pro- 
cedures, if we can cover or support the anastomosis with an available serous surface, 
I believe all of us feel that there is less risk of a leak in the anastomosis 

Now, I would like to speak briefly about this matter of a more radical operation 
It IS true, as Dr Stone stated, that the salvage in late cancer is small You will re- 
member the Biblical admonition concerning the interest of the shepherd in the one 
sheep that had gone astray Banks offer us one per cent on our money Our discussion 
concerns the most valuable thing that people have — their lives Until we are able to 
diagnose cancer early, we shall have to continue to manifest an aggressive surgical at- 
titude toward cancer There is no other satisfactory treatment in the majority of in- 
stances And the salvage, even in late cases, is far greater than the one per cent cur- 
rent interest rate on money 

Until we have specific organ diagnostic technics or acceptable biologic tests for 
cancer, surgeons must continue to stress the importance of Cancer Detection Centers in 
the early recognition of cancer Cancer is frequent, it is merely a question of (i) 
Who will have it^ (2) When^ and, (3) In what organ^ 

I cannot agree with Dr Stone that \\e should retrench rather than continue to 
pursue an aggressive attitude toward late cancer To be sure, most of our efforts in 
late cancer are palhatne In gastric cancer in which the local lesion is excised, and in 
which hepatic metastases are present, the expected mean survnal is 20 months in 
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our clinic I have asked many a man if he has considered that reprieve vorth vbile 
The answer has always been in the affirmative In this Voyage of Life, vho expects 
to reach the other shore’ We are all condemned to death, it is onlj a question of 
how long execution of the sentence may be delayed Since man was drixen out of 
the Garden of Eden, no one expects to live forever It is our responsibility to make 
lives longer and happier if xve can Even old people who haxe been operated upon 
for cancer, m my experience, want to keep their frail vessels m this Voyage of Lift 
afloat just as long as the voyage and the weather are pleasant 

There is an extension of operation m abdominal cancer which my colleagues and 
I have begun to explore, viz re-entry of the abdomen after a period of four to six 
months in Group C lesions (patients with lymph node metastases) to do a wiping out 
operation As yet, our experience is not large But why wait 15 to 20 months for the 
reassertion of symptoms’ That is the usual length of the silent interval in cancer 

The impress of surgeons upon the cancer problem is beginning to be felt We 
must not lose heart, we must go ahead We surgeons must continue a lixe interest m 
the cancer problem until help is available to us from other sources When surgeons 
have the opportunity to operate largely on Group A or Stage I cancers, the late results 
of cancer surgery will begin to compare favorablv wuth the results of surgerj for 
benign conditions 


Dr Jonatham E Rhoaos, Philadelphia I would like to refer briefly to some expen 
ments on the formation of adhesions which Dr Chandy, Dr Portnoff, Dr Jackson and 
I carried out m rats We found not only that parietal peritoneum would regenerate but 
also that visceral peritoneum, if removed delicately and without injurv to the deeper 
layers, would regenerate very well also 

If a fine silk suture was placed under the peritoneum of the rat and not tied, it 
would usually be sealed over without the production of an adhesion However, when fine 
silk sutures were placed and tied, so as to oversew' superficially denuded areas on the 
cecum, adhesions were frequently encountered In fact, they were more frequent than 
when such areas were not oversewn but allowed to heal spontaneously 

One cannot apply conclusions from animal experiments to clinical practice without 
substantiating experience yet, in view' of Dr Brunschwig and Dr Robbins’ obseriations 
on the parietal peritoneum of patients, the problem of managing superficial injuries to 
visceral peritoneum m man should at least be reinvestigated It may be that repentonea 
ization m patients would occur spontaneously with less adhesion formation than when 
sutures are used 


Dr John C Burch, Nashville It is perhaps unfortunate that the magnitude 0^ 
Dr Brunschwig’s palliative operations has drawn attention from a more fundamenta 
aspect of his work I refer to his attack upon cancer of the cervix At the 
time this disease is killing about 25 out of every thousand w'omen By his broa enm^ 
of the operation it is certaiiilj' possible that curative surgery can be attempte in ce^^ 
tain cases now considered inoperable and palliative treatment can be achieie m 
even larger number For this I think Dr Brunschwig is to be congratulate 


Dr Alexander Brunschw'Ig, New "York City I want to thank those w 0 iscu 

our paper for their remarks talking 

The point raised, which I think was very well taken, w'as that we are 

about panetel peritoneum and not visceral peritoneum should 

The reference to the Noble procedure is pertinent It is an operation a 
be carried out perhaps more often than it is when conditions indicate it 

As long as Dr Stone has raised a question concerning radical resections 1^^^^ ^ 
eral, I want to make a statement or two, hut I do not wish to prolong 
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discussion that could last for perhaps an hour, and besides it is not pertinent to our 
paper 

I think his words of warning are timely since radical excisions of advanced 
cancer are not to be undertaken lightly About four years after Billroth first described 
gastrectomj^ Welch, the late great pathologist at Hopkins, wrote a paper enumerating 
seven or eight reasons why gastrectomy was bound to be a futile procedure, pointing out 
that surgeons would never encompass gastric cancer by surgery and intimating that 
surgeons were indeed presumptuous m trying to do so For almost every extension of 
surgery the same arguments can and have been raised 

In 1895 Nicholas Senn stated m his book on “Tumors” that he thought surgeons 
had gone too far in attacking cancer of the pylorus because he had operated on 16 
and they had not survived, obviously due to the very poor supportive treatment availa- 
ble at the time 

For patients who have large cancers m the abdomen there is only one chance for 
prolongation of life and that is to get the tumors out Whether one wants to take the 
chance, I think, is up to the individual surgeon m his attitude toward operating for 
cancer — some may be defeatists, others not Some of you know that we reported 100 
consecutive cases of so-called inoperable cancer, in a monograph * I can report now 
the long-range results 

Thirteen of those patients, or 13 per cent, are living and well for over six years — 
after operation They are not derelicts, they are not vegetables, but they have returned 
to useful, active lives 

Thirteen per cent is not a great salvage rate This does not include an additional 
6 per cent who survived an average of over three years and returned to normal useful 
lives I should like to emphasize again that this is a series of patients that were 
selected for their pool condition rather than their favorable condition for surgical attack 
If we consider all patients with gastric cancer that walk across the threshold of any 
clinic, I doubt whether we can be sure that we can salvage 13 per cent for six years, 
and among these would be a fair number of so-called favorable cases In the series 
of 100 patients that I just alluded to, there was not a single “favorable case” and among 
them are included patients who had been explored elsewhere with nothing done because 
the situations encountered conformed to the classical criteria of inoperability 

* Radical Surgery in Advanced Abdominal Cancer University of Chicago Press, 

1947 
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Impressive strides have been recorded in intestinal surgery during the 
past quarter of a century, due to improved diagnostic aids, decompression of 
dilated intestinal loops by intubation, control of infection, more effective 
supportive therapy, and somewhat better operative technic During the same 
interval the chance of survival of the newborn infant with intestinal obstruc- 
tion has increased but not to a degree comparable with the improved prognosis 
of the adult 

Twenty years ago only a few cases of intestinal obstruction in the new- 
born due to anomalies had been successfully treated Just ten years ago Dr 
Edwin M Miller’^ reviewed the subject before the Association and reported 
several successful cases In the discussion of Dr Miller’s paper. Dr William 
E Ladd reported 24 recoveries out of 29 cases of extrinsic obstruction and 
eight recoveries out of 17 cases of intrinsic obstruction from the Boston 
Children’s Hospital The best published figures to date are those of Ladd,^ 
who in 1943 recorded 59 cases of extrinsic obstruction with 37 recoveries, and 
87 cases of intrinsic obstruction with 23 recoveries It would be impossible to 
overestimate the influence of the Boston Children’s group upon the surgery of 
infants and children during the past three decades 

Within the past ten years a number of cases successfully operated upon 
have been reported by Arnheim,® Biggs and Pontius,^ Bush et al,® Donovan, 
Duncan et al,*^ Duckett,® Erb and Smith,® Gomez and Lozoya,^® Judd,^^ Lyons 
and Brenazzi,^^ Martin,^® Medearis,^^ Miller et al,^® Potts,^® Thompson,^ 
Wikle,^® and Wright 

That recoveries are no longer rarities does not, however, minimize the 
fact that the mortality of intestinal obstruction in the newborn remains high 
Since means of decreasing mortality now seem available, a critical analysis 0 
our failures, with a view to developing a more systematic approach to the 
problem, particularly from the standpoint of the surgeon, would appear to be 
of value The series of cases presented by the authors shows mortality figures 
which are far from impressive The patients were cared for by a number 0 
surgeons in three large general hospitals Analysis of the cases forms the basis 
for the observations and recommendations of the authors 

The most pertinent causes of mortality in the infant with mtestina 0 
struction are the following , 

I Many of the babies with intestinal anomalies are born premature y 
are poor candidates for any sort of operative procedure The coincidenc ej^ 

* Read before the American Surgical Association, St Louis, Mo, April 21 , 1949 
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other anomalies in these infants is 
also high As surgeons we can offer 
little help to improve this factor The 
prevention of premature births h} 
the obstetrician and the internist may 
significantly alter these figures in the 
future 

2 Delayed opeiation, due to in- 
accurate or ta}dy diagnoses This is 
probably the most important prevent- 
able factor m the high mortality 
Many of these delays are chargeable 
to the obstetrician or the pediatrician 
but many are due to indecision on 
the part of the surgeon The im- 
proved mortalit}'’ that goes with 
earlier recognition and earlier oper- 
ation is demonstrated in the tables 
presented 

3 Inadequate suppoitive thei- 
apy IS probably the next factor of 



Fig I — ^Case 6 Typical gas shadow of 
the dilated stomach and duodenum of com- 
plete atresia of the duodenum proximal to 
the ampulla of Vater 



, ^ ^ duodenum proximal to the ampulla with perforation 

and pneumoperitoneum The roentgenograms show the distended stomach and 
duodenum as though suspended in gas within the peritoneal cavitj The collansed 
small and large intestines can be seen No contrast media necessar} 

481 


GLOVER AND BARRY 


Vun ils o{ SutnCrj 

September 19 49 

impoi tance Shock and pei itonitis have m the past, contributed heavily to the 
mortality 

4 Opemtivc indecision and nnphysiologic operative measures are about 
as impoitant as inadequate supportive therapy in contributing to the mortality 

DIAGNOSIS 

Early diagnosis merits special emphasis V omiting in the newborn infant 
is too common to cause concern but when the vomitus contains bile and when 
the abdomen is distended on the fiist day of life, the diagnosis should be 
considered to be intestinal obstruction due to an anomaly until proved to the 
contrary The acceptance of this simple, didactic statement literally would 
save many lives Very few babies who vomit soon after birth due to functional 



Fig 3 — Case 17 Ileal atresia with perforation Plain roentgenograms 
different positions show multiple distended and gas-filled loops of small 
levels within the loops and also free in the peritoneal cavitv, and pneiiniope 1 


causes show abdominal distention When the abdomen is tightly disten 
furtheimore, with tympany that obliterates livei dullness, with shiny 
dilated stipeificial veins, the diagnosis of intestinal obstruction uith 
tion, pneumopeiitoneum and peiitonitis is almost certain Symme n 
te'^^-'on of the abdomen, m the absence of pneumoperitoneum, usually imp 
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obstruction in the jejunum oi ileum Distention of the uppei abdomen alone 
implies duodenal ohstruction Visible peristalsis is often appaient, coursing 
from left to right over the upper abdomen, especially when obstruction is in 
the duodenum oi upper jejunum The absence of bile in the vomitus does 
not lule out obstruction, since the point of atresia oi stenosis may be proximal 
to the ampulla of Vatei Visible peiistalsis is likely to be piesent m such cases 
The presence of visible peristalsis within a few days after birth almost always 
indicates the presence of congenital obstruction m the upper intestinal tract 
Pyloric stenosis occurs so laiely at this age as to be statistically insignificant 
The vomiting of meconium-hke material is usually indicative of a duodenal 
obstruction In case No 3 the vomitus and the stool appeared almost iden- 
tical 111 several of our cases the \omitus contained gross blood With the 
obstruction m the jejunum or ileum 
the vomitus is more likely to be of an 
intestinal chai acter The lack of milk 
curds in the stool of the newborn in- 
fant is also diagnostic evidence of 
importance The stool of a noimal 
infant on breast or foi inula begins to 
show some milk curds within the first 
24 hours, or at the latest, on the sec- 
ond day of life The absence of such 
findings may be considered evidence 
of complete obstiuction Failiei’s-*' 
test, showing the presence 01 absence 
of coinified squamous epithelial cells 
in the stool, may be of some help 111 
determining the continuity of the in- 
testinal tract, as is the absence of bile 
111 the stool, but othei criteria have 
seemed more certain to us 
V omiting due to intrinsic obstruc- 
tion occurs almost always during the 
first day of life and is continuous 
from that time on If obstruction is 
due to extrinsic factors alone, how- 
ever vomiting may not start on the 
first day and it may lie intermittent, and pait of the feedings ma} be retained 
for days 01 even weeks aftei birth (Cases Nos 36, 7, 42 ) In cases of extrinsic 
obstruction due to errors of rotation it is common to have the bab> pass normal 
stools for several da}s, decreasing in amount as the degree of obstruction in- 
creases If the obstruction is low m the colon, vomiting ma} not start for sev- 
eral da} s after birth Except where obstruction is high in the duodenum, vomit- 
ing is not likely to be projectile 

In addition to the evidences already mentioned the distended stomach and 
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Fig 4 — Case No 45 Three-daj'-old in- 
fant w'lth stenosis of the duodeno-jejunal 
junction The duodenal gas sliadow fills the 
entire abdomen The stomach is small in size 
and contains onlj^ a little barium This is a 
\erj' unusual picture 
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duodenum, or loops of ileum, usually can be palpated through the thin abdom- 
inal wall unless obscured by pneumoperitoneum or diffuse peritonitis 
The plain or “flat" roentgenogram of the abdomen is unquestionably the 
most helpful diagnostic aid in intestinal obstruction of the newborn that is 
available It is usually possible to identify the gas-filled viscus and its location, 
with sufficient accuracy to piovide approximate localization of the point of 
obstruction The plain roentgenogram will almost always make the diagnosis 
of duodenal or intestinal atresia apparent (Figs Nos i, 2, 3, 5 ) Informa- 
tion may be obtained from films taken in different position, and by injecting 
air into the stomach after evacuating the contained fluid 

When the diagnosis is quite clear from the clinical evidence and from the 
plain roentgenogram, the use of barium is to be avoided since its presence in 
the intestine may complicate the postoperative course When the diagnosis is 



Fig S Fig 6 

Fig 5— Case 18 Atresia of the distal ileum The roentgenogram shoivs Je 
distended loops of small intestine and also shows the colon to be in approxi 

normal position but of small caliber , , , t +1,0 entire 

Fig 6 — Case 20 The roentgenogram shows marked distention 01 t 

colon due to stenosis of the sigmoid 


not complete without barium, however, its use is definitely indicate 
barium enema alone may be very helpful in identifying the approximate e ^ 
of the atresia in the ileum (see Fig 5), or to demonstrate the presence^o 
colon on the left side of the abdomen, in cases of malrotation (Fig 7 )> ^ 
distinguish between colon and distended ileum (Fig 6) The lagnoa 
extrinsic obstruction due to errors of rotation may not be possi e 
plain roentgenograms alone and here a small amount of barium y w 
with or without the addition of barium by rectum, may greatly simp 1 
diagnosis (Figs 7, 8) 
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In short, the history of vomiting bile soon after birth, together with 
abdominal distention and abdominal gas shadows in the plain roentgenogram, 
are usually sufficient to make a presumptive diagnosis of intestinal obstruction 
due to a congenital abnormality 

SUPPORTIVE THERAPY 

It is axiomatic that the small infant tolerates blood loss, shock and de- 
hydration poorly, and these factors are all opeiative in the newborn with 
intestinal obstruction Our ability to give adequate quantities of whole blood 
to the babies, before, during, and after operation, together with the ability 
to control postoperative infection with antibiotics, has greatly widened the 
limits of operability 

It IS to be assumed that the baby with congenital intestinal obstruction 
will have been maintained on parenteral fluids since birth The newborn infant, 
if born at term, will tolerate two or three days of starvation and moderate 
dehydration, but many infants with anomalies are born prematurely and for 



ABC 


Fig 7 — Case 29 Malrotation and volvulus A shows the typical picture with 
barium in the dilated stomach and a gas-filled duodenum, with only a few flecks of 
gas below B shows that a few flecks of barium have passed into the jejunum 
Barium enema given at the same time shows a diminutive colon entirely on the left 
side, a fact which practically clinches the diagnosis C shows the same child at six 
years of age Barium enema shows the colon m normal position In this case the 
cecum was placed upon the right side at operation 

them the period of starvation is a much more serious one During the interval 
between the time a surgeon makes the diagnosis and the time of operation, 
as much parenteial physiologic fluid should be admmisteied as will be ab- 
soibed If the baby is obviously depleted, time will be well spent in giving 
a blood transfusion of 75 to 100 cc of whole blood slowly, following with an 
equal amount of electrolyte solution The surgeon should not make the inci- 
sion in the abdomen until a needle is in a vein, or in the bone marrowy and 
blood IS running satisfactorily, no matter how' good the patient’s condition 
may seem to be Unless this absolute rule is follow ed, the surgeon may find 
himself engrossed m untangling the anomalous situation of the intestinal tract 
only to discover that the bab} is in sciere shock and the anesthetist and 
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assistants aie unable to get blood started It is advisable to leave the cannula 
01 needle in the vein or bone marrow after operation and continue either 
blood or electrolyte solution as indicated, at a slow rate, for some hours after 
operation 

While It is felt that intravenous transfusion is generally preferable, tech- 
nical considerations occasionally make bone marrow transfusions the method 
of choice, both during the operation and subsequently Bone marrow 
infusions are not without danger (see Case No 17) but offer the advantage 
of being able to use the same site foi repeated injections Whether or not 
peimanent injury can be done to the bone marrow cavit) of the long bones 
in this mannei is still open to question When the infant’s life depends 
upon blood tiansfusion in a hurry the bone marrow route offers obvious 
advantages 



Fig 8 — Cases 37 and 38 These two roentgenograms show the 
findings m cases of inalrotation with volvulus Case 37 on the left, who was .. 
upon at SIX days of age, shows considerable barium in the small intestine as \ 
dilated stomach and duodenum Case 38 on the right was operated nP®” ^ , a 1 

of age, and on the plain roentgenogram shows the two large gas bubb es a 
levels characteristic of duodenal obstruction, but no gas in the intestine 
covered 


Aftei operation the problem of maintaining fluid and protein ba ance ^ 
often difficult, especiall}’’ if fluid is being lost from a temporarj 
or by rectum due to a short-circuiting operation Under such 
the management of replacement therapy becomes an exacting problem 
lequues the most caieful supei vision of the pediatiician and surgeon 
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to day observations on the relation of intake to output, cytological and chenv 
ical blood examinations are required if serious depletion is to be avoided 
The earlier that the needs of the infant can be met through protem-containing 
fluid absorbed from the intestinal tract, the less the danger of seiious 

imbalance z 

Penicillin seems to be the antibiotic of choice for routine use We prefer 
to have penicillin given intravenously prior to and during the operation m oidei 
to maintain a good blood level u hen the peritoneum is opened In cases of 
resection, anastomosis or othei potential source of contamination of the 
peritoneum, penicillin is continued for several da}S If theie is at an} time 
evidence that infection is not conti oiled by penicillin, or that the causative 
organism is penicillin-resistant, other antibiotics aie used Because of its low 
toxicity, penicillin seems to be most desirable for routine use in neuborn 
infants 

OPEUATIVE MANAGEMENT 

Anesthesia, incision and extent of exploiation The junior author piefeis 
ether anesthesia and a i ight rectus incision The senior author prefei s procaine 
per cent) anesthesia and a transverse incision, upper light foi duodenal 
lesions and low er right foi lesions in the ileum oi colon We both feel how^evei 
that the matters of anesthesia and incision aie very personal ones with the 
operator and, paiticulaily wdien opeiatmg on babies m precaiious condition, 
the surgeon should use the method of appioach with wdnch he feels most 
comfortable The comliination of anesthesia and exposure which makes it 
possible foi tile suigeon to explore the abdomen thoroughly with minimal 
trauma and loss of time, and to do a definitive opeiation accurately, is the 
optimum When a suigeon who is accustomed to working under geneial 
anesthesia attempts to use local anesthesia on a difficult case, he is likely to be 
handicapped and the patient is likely to suffer 

In the yeais before adequate supportive measures w^eie aA^ailable, w'e often 
attempted to coi rect the cause of obstruction through a small incision wuthout 
thorough exploration We now feel that such an approach is wwong With the 
available methods of preienting and combatting shock and infection there are 
very few infants, w’hose condition justifies any attempt at operation at all, 
who cannot tolerate thorough exploration We feel strongly now that the 
abdomen should be explored thoroughly legaidless of the cause of the 
obstiuctioii or its appaient ease of coirection The incidence of multiple causes 
of obstruction is high (Cases 15, 31, 43, 44, 45 ) Incomplete exploration 
lanks high as one of the causes of failuie m our senes, as well as in othei 
leported cases 

Assessing the pi ohalnhtics The suigeon must be aw aie of certain funda- 
mental facts and probabilities befoie he opens the abdomen, these may be 
summarwed in simplified form as follow’s 

I The common sites of atresia or stenosis are (a) the second part of the 
duodenum, near the ampulla of Vatei , (b) the duodeiial-jcjiinal junction 
(which IS also the site of obstuiction due to congenital bands retroperitoneal 
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hernia and volvulus due to malrotation) , (c) the distal ileum, (d) the distal 
colon and rectum 

2 Ring pancreas alone may cause obstruction, but it is often accompanied 
by intrinsic obstruction of the duodenum (Cases i, 7) 

3 The majority of congenital obstiuctions of the duodenum are distal 
to the ampulla of Vater 

4 Incomplete rotation with partial or complete volvulus usually causes 
obstruction at or near the duodenal-jejunal junction 

5 Incomplete rotation often occurs concomitantly with atresia or stenosis 
of the duodenum or ileum It is important to remember that release of the 
volvulus due to malrotation does not fulfill all the requirements for complete 
operation unless it is clearly demonstrated that no other obstruction exists 
by passage of a catheter or Levine tube through the duodenum into the 
jejunum 

6 The incidence of multiple points of obstruction is sufficiently great to 
demand thorough exploration m every case 

7 Defects in the mesentery, bands and points of irregular fusion of the 
peritoneal layers which are capable of causing obstruction often accompanv 
malrotation (Cases 30, 42, 43, 44) 

8 Marked dilatation of the colon occurs m the presence of atresia or 
stenosis of the distal colon (Case 20) This is a rare finding 


TECHNICAL CONSIDERATIONS 

Operation is always performed with a small Levine tube or catheter (No 
8 or 10 French) in the stomach for the purpose of constant decompression 
Before opening the peritoneum the surgeon has made a tentative diagnosis on 
the basis of the criteria previously mentioned, and the incision is planned 
accordingly Upon opening the peiitoneum, one or more of the following 
alternative findings will immediately present 

I The presence of free gas and fluid in the peritoneum necessitates an 
immediate search for the point of perforation m order to avert further 
peritoneal contamination The most likely point of perforation is the ileum 
and the next most frequent is the second part of the duodenum If the small 
intestine is dilated it should be deliveied immediately to control the point 
of perforation If the small intestine is not dilated it may be assumed that the 
perforation is in the duodenum, and since there will be little danger of addi 
tional leakage, the stomach and duodenum having been deflated by the gastric 


tube, orderly exploration may proceed 

2 The position of the colon is at once noted If the cecum is not in iD 
customary position on the right side of the abdomen or is not visible at a , 
malrotation is at once suspected If a mass of bluish purple loops of sma 
intestine present immediately, either collapsed or containing only ^ 
amount of gas, volvulus about a common mesentery is more than i ey 
The obstruction may or may not be due to the malrotation, however ^ 

3 Distention of the stomach and duodenum alone implies that the pom 
of obstruction is at oi proximal to the ligament of Treitz 
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4 Dilatation of the small intestine and a small, collapsed colon, indicates 
that atresia or stenosis in the small intestine is probable 

5 Dilatation of the colon, as well as part of the small intestine, indicates 
a rare type of stenosis or atresia of the distal colon at or proximal to the 
sigmoid 

The next step is evisceration and systematic exploration of the abdominal 
contents 

Extnnsic duodenal ohshnehon The incompletely rotated colon is dealt 
with first It IS necessary to follow a deliberate and systematic course of 
procedure if confusion is to be avoided, for when the bowel is pulled this 
way and that in an attempt to find the point of obstruction rapidly it is far 
too easy for the operator to become confused and miss the true point of 
obstruction The next step is to divide the hepatocolic ligament, free any 
lateral attachments to the cecum and the superior peritoneal attachments of the 
right half of the transverse colon which will usually overlie the transverse 
portion of the duodenum This exposes the entire length of the duodenum 
to the ligament of Treitz and permits placing the entire colon on the left side 
of the abdomen If the colon is m fetal position, never having rotated at all, 
and having formed no attachments on the right side, this step is unnecessary 
If there is a volvulus of the entire small intestine which has rotated about the 
superior mesenteric artery, usually clock-wise, this is now replaced by un- 
twisting the bowel and the mesentery until the latter is unobstructed and the 
jejunum follows a straight course from the ligament of Treitz (Figs 9, 10 
and ii) The peritoneal attachments of the duodenum, laterally and infe- 
norly, are now freed up to and including the folds of peritoneum which 
comprise the ligament of Treitz, using great care not to injure the superioi 
mesenteric artery which is carefully examined for abnormal bands or folds 
which may surround it The duodeno-jejunal junction now lies to the right of 
the superior mesenteric artery and the duodenum empties vertically into the 
jejunum One of the maneuvers just described will probably relieve the 
obstruction of the duodenum if it is due to the volvulus about the common 
mesentery, or abnormal attachments about the ligament of Treitz or the 
supeiior mesenteric artery The exploration must not be discontinued at 
this point, however The duodenum, which has been exposed, is carefully 
examined If obstruction was present in the third portion of the duodenum. 
It will be elongated as well as dilated The gastric tube or catheter is then 
passed through the duodenum into the jejunum If it meets no obstruction, 
and passes readilj’’ into the jejunum, the operator may be assured that no 
obstruction lemams up to that point Gas is then followed thiough the entire 
small and large intestine to make certain of the patency of the remainder of 
the intestinal tiact 

The procedure just described and illustrated was advocated by Ladd^i 
in 1932, and has been given credit for the striking impro\ement in cures of 
extrinsic obstruction of the duodenum 

Intunsic duodenal ohsU action If the stomach and duodenum remain dis- 
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tended and the cathetei meets an obstiuction m the second or third parts of th. 
duodenum, the surgeon is faced with alternative possibilities fi) to do an 
anastomosis between the proximal duodenum and the jejunum or between 



Fig 9 — This senes of diagrams represents the steps that we feel necessary 
for the complete exploration of the duodenum in order to properly evaluate the 
degree of obstruction that may be present The operation must be done under 
adequate anesthesia and through an ample incision 

Step I — Examination of the pylons to rule out pyloric stenosis 
Step 2 — Examination of the base of the mesentery . 

Step 3 — Examination of the cecum to determine the degree of rotation ot tne 
large intestine, to rule out volvulus of the small intestine ^ 

Step 4 — ^Cutting of the hepato-cohc ligament to free the hepatic flexure o 
the colon 

Step S — Cutting of the secondary attachments of the ascending colon to com 
pletely visualwe the duodenum , 

Steps 6 and 7 — Cutting of the secondary attaclinients of the duodenum to 
abdominal wall and the secondary attachments to the base of the mesentery ot 
small intestines at the superior mesenteric vessels This does not interfere with 
blood supply of the duodenum , , 

Step 8 — Complete freeing of the secondary attachments of the 
ligament of Treitz to allow the duodenum to descend on the right side of the aoci 
Step 9 — ^Demonstration of the passage of gas into the small intestine 
Step 10 — Passage of a Levine tube into the small intestine to rule out tne p 
eiice of partial septa within the duodenum 
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the stomach and jejunum , or (2) to open the intestine at the point of obstiuc- 
tion in the hope of finding a leaflet which can be resected without anas- 
tomosis If the stomach and proximal duodenum are markedly thinned out 
and lacking in tone due to distention of long standing, an anastomosis is 
probably the safer procedure since, even if the leaflet is removed, it will be a 
matter of daj^s before the atonic stomach and duodenum are able to force 
fluid through the collapsed loops If, however, the tone seems good and 
distention is not excessive, the procedure described by Morton““ and illus- 
trated in Figures 9 and 10 may be useful The bowel is incised longitudinally 
over the point of obstruction, and if a leaflet is found obstructing the lumen 
of the duodenum, it is lesected, the mucosa carefully repaired, and the bowel 
wall closed in its transveise diameter The cathetei is then passed through 
the anastomosis 




Fig 10 — This is the final position in which the duodenum should be left, if 
possible, in all cases of malrotation of the colon with obstruction of the duodenum 
With the duodenum descending on the right side of the abdomen and the colon on the 
left, the base of the mesentery is no longer a small point of fixation but becomes a 
wide base and postoperative recurrent volvulus should not occur 

Fig 11 — Case 30 — A complete 360 degree volvulus of the small intestine 111 a 
couiiter-clockw ise direction was found The case illustrates the fact that the duod- 
enum may be dilated 111 this situation It is not always There was also herniation 
of a portion of the terminal ileum into its own mesentery, which is shown as a pouch 
that includes the volvulus The colon was more completeK rotated iti thl^ case than 
IS usual in the presence of \ oh ulus 


If, instead of the findings just desciibed, theie is obvious loss of continuity 
of the duodenuni, eithei near the ampulla of Vater or near the duodeno- 
jejunal junction, an anastomosis is obviousl} the onl> choice A duodeno- 
jejunostonn is generally prefen ed If, howevet the duodenum has been \er> 
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markedly distended, the wall thinned out, a gastro-jej unostomy through the 
thicker walled stomach may be somewhat safer While a posterior anastomosis 
IS preferable, an anterior anastomosis is perfectly satisfactory if it is easier 
to do Our choice is for a lateral isoperistaltic duodeno-]ej unostomy per- 
formed with two rows of 5-0 silk on atraumatic needles No clamps are 
used, the thumbs and forefingers of the assistant serving as admirable holders 
which are much less traumatizing than clamps The gastric catheter or Levine 
tube may now be passed through the anastomosis into the jejunum for a dis- 
tance of 15 to 20 cm to insure its patency, and the anesthetist may inject 
slowly, 5 or 10 ccs of saline through the catheter into the jejunum More 
saline may be introduced slowly through the catheter from time to time while 
the operation is being completed This procedure aids in dilating and 
straightening out the loops of small bowel, helps the surgeon to be assured 
that continuity of the bowel exists, and at the same time provides the infant 




Fig 12 — Case 34 (a ) A typical instance of incomplete rotation and fixation of 
the colon with obstruction of the duodenum at the ligament of Treitz Note the 
marked dilation and particularly the elongation of the duodenum which lorces 1 
completely out from under the colon The surgeon often gains the impression upo 
first examination that the duodenum actually passes through the mesentery 01 

terminal ileum 1 1 » tVip 

(b ) By carefully dissecting the ascending colon free, it is possible to ire 
duodenum completely at the ligament of Treitz , by treeing the seconds^ attach 
the duodenum can be brought down into the right lower abdomen, thus preie s 
recurrent postoperative volvulus by widening the base of the mesenterj’ 

with badly needed electrolyte fluid If there is a great discrepancy 
the size of the duodenum and the collapsed jejunum, the latter may be 1 ate ^ 
with saline prior to the anastomosis as an aid to suturing This is not usua } 
necessary, however , 

When obstructions of the duodenum have been relieved, especia y 
due to atresia of some days’ standing, and where the muscle-tone 0 
former organs is lacking, it is absolutely essential to keep the stomac con 
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tmuously deflated in order to protect the integrity of the suture line of the 
anastomosis It is also highly advantageous to be able to begin introducing 
feedings into the jejunum immediately after the operation The presence of an 
indwelling catheter or tube is not well tolerated by the nasopharynx of the 
small infant, and favors aspiration It is unsafe to leave the tube in place 
for more than a day or two continuously The tube introduced through the 
nasopharynx does not, furthermore, serve effectively as a deflating mechanism, 
if It has been passed through into the jejunum, and if it is left m the stomach 



Fig 13 Fig 14 


Fig 13 — Case 10 A typical case of complete obstruction of the second part of 
the duodenum due to an imperforate septum External adhesions were thought to be 
the cause of obstruction until it was discovered that the Levine tube would not 
pass, illustrating the importance of completing the steps of the exploration, as 
advised in the text 

Fig 14 — ^Case ii The findings illustrate the not uncommon instance of two or 
more causes of duodenal obstruction in the same patient Roentgenograms showed 
that the opaque material had passed the point of obstruction, which exploration 
pro%ed to be at the ligament of Treitz When an attempt was made to pass the 
Levine tube, a partial septum was found near the duodeno-jejunal junction The 
use of a simple plastic procedure for removal of the septum, as shown in the illus- 
tration, IS possible only if the duodenum is freed completely Otherwise a duodeno- 
jejunostomy must be performed 

It IS impossible to use it for feeding The tragic lesults tvhich may follow 
failure to keep the stomach deflated aie illustrated by Case No 3, wdiere the 
anastomosis leaked 

The amount of air sw'allow^ed by the small infant during crying and 
gulping is astonishing We have measured as much as 10 to 15 ccs of air 
swallow^ed per gulp w'hile the baby was crying It is easy to see that this 
amount wull soon dilate the stomach and jejunum to a point where leakage 
at the anastomosis line is almost inevitable 
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To oveicoine this objection we have intioduced two small catheters thiou^h 
the stomach wall (Fig 16) The end of one catheter is passed through the 
anastomosis into the jejunum to serve as a feeding tube, while the other 
catheter remains m the stomach for maintaining continuous suction until the 
suture-line has had an oppoitunity to heal The catheteis aie anchored 
securely to the stomach wall with fine silk sutures and also to the abdominal 
wall and are securely strapped to the abdominal wall with adhesive tape to 
avoid inadvertent 1 emoval Through the feeding tube fluid can be introduced 
into the jejunum by slow drip, and within a day or so the infant’s nutritional 
requirements can be met through this source 



Fig is Fig i6 


Fio 15 — Case 3 Atresia of the duodenum proximal 
to the ampulla of Vater 

Fig 16 — Case 3 A posterior duodeno-jejunostomy 
has been performed Two small catheters have been 
placed through the gastric wall, one through the anasto- 
mosis to serve as a feeding tube and the other left m 
the stomach to aspirate swallowed air 

Fmal position of the colon While it has been asserted by Ladd that the 
colon must remain on the left side of the abdomen after the operation is 
completed in order to safeguard against subsequent intestinal obstruction, 
the senior author has on occasion deliberately placed the cecum and ascending 
colon on the right side of the abdomen, wuthout an}' fixation whatever, an 
has left them in that final position Roentgenogi am (Fig 7) 
barium enema six years after the operation on such a case shows the cecum 
and ascending colon to have remained in the normal position It is interesting 
to note that gastro-intestinal senes showed the duodeno-jejunal junction 
have remained m vertical position on the light side of the abdomen, emptjing 
m a perfectly normal manner We have occasionally observed evidences t la 
after birth the process of rotation of the colon, which was arrested tiring 
fetal life, may continue This observation lends support to tlie proce 
leaving the colon in a position where it can continue rotation after ir 
perhaps form normal attachments This maneuver must be done wit gr 
caution, however, and if the bow^el does not he perfectly free over t e sn 
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intestine without twisting or kinking the mesenteiy, it is far safer to leare it 
on the left side in the fetal position 

Other rare causes of obstruction w'hich may be encountered are ring 
pancreas (Cases i, 7), retroperitoneal hernia (Cases 31, 34), intramesentenc 
hernia (Case 30), and volvulus about lemnants of the omphalo-mesentenc duct 
(Case 36) 

Intiiwiic obsUuctwn of jejunum and ileum Since atresias of the small 
intestine are often multiple (Cases 15, 26) it is obviously most important to 
establish continuity wnth as much length of both small and large bowel as 
can be salvaged Where the point of atresia or stenosis is single,^ a side-to- 
side anastomosis may be done quickly betw^een the loops proximal and distal 
to the occlusion wuthoiit disturbing the blind ends If, how^ever, the points of 
atresia are multiple it is usual to find a very short distal loop of ileum at the 



Fig 17 Pig 18 


Fig 17 — Case 17 Ileal atresia with perforation of 
the blind end of ileum Two tiny segments of rudimentary 
intestine may be seen between the blind loop and the 
ileocecal valve 

Fig 18 — Case 17 An end-to-side ileo-colostomy has 
been performed after resecting the distended blind loop and 
the rudimentary segments shown in Figure 17 

ileocecal valve and it is necessai) to do an anastomosis between the markedly 
dilated proximal loop of ileum 01 jejunum and the colon, which is usually 
so small as to make the anastomosis difficult Here an end-to-side anas- 
tomosis is jirobably best A Witzel-type enterostomy tube should ahvays be 
left in the dilated pioxiinal loop to control distention until the anastomosis 
functions (Fig 18) Whether or not to leave the blind loops of ileum m 
place is a question that is iisuall} determined by expediency If they are so 
small as to be woithless the} ma) as well be resected, if the procedure will 
not add unreasonable operatue trauma If the blind loop is of more than 20 
ems length, howeier, it is well to leave it, on the chance that if the baby 
surMves it may prove useful later It is most important to make certain of 
the patency of the dimimitne colon which is occasionally occluded by a cast- 
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like cord of cells (Case No 16) A useful expedient is to introduce the tip 
of the enterostomy catheter (before completing the Witzel closure) through 
the anastomosis into the colon, and through this to introduce saline which can 
be milked along the colon to insure its patency and continuit> The colon 
may also be dilated from below by repeatedly introducing fluid through the 
1 ectum 

It IS sometimes tempting to do an anastomosis between the dilated ileum 
and the sigmoid colon which looks slightly larger m calibre than the diminutive 
ascending and transverse colon (Case 17) hut this should not be done because 
It permits the baby to lose fluid too rapidly to get ahead Open ileostomies are 
to be condemned The surgeon should use every possible effort to do a 
definitive operation that will make it possible foi the infant to acquire his 
nutritional requirements through the intestinal tract at the earliest possible 
date The time required to do an anastomosis is insignificant if the baby is 
receiving blood during the operation 

When the entire large bowel down to the descending colon or sigmoid is 
found to be enormously dilated, as well as part of the ileum, the point of 
obstruction will usually be found in the lower colon, but it may not be com- 
plete and the findings may be confusing (see Case No 20) In such cases a 
catheter usually can be introduced thiough the rectum and fed through the 
narrow point unless the obstruction is complete enough to require resection 
and immediate anastomosis In either case, a temporary tube cecostomy is 
worth-while to decompress the bowel until the stenotic area can be dilated 
Atiesia of the j ectum Atresia of the rectum is usually readily diagnosed 
by the lack of an anal opening, failure to obtain meconium by probing the 
intact anal plate, and by plain roentgenograms taken in the head down posi- 
tion as suggested by Wangensteen The latter procedure forces gas in the 
blind end of the colon in the pelvis, usually near the bladder neck, where 
it can be easily seen With this evidence, operation should always be per- 
formed through the perineum By very careful, gentle dissection through a 
small incision, the blind end of bowel can usually be found m the region of the 
bladder neck and can be freed retropentoneally , sufficiently to mobilize it an 
bring It down to the perineum The bowel is opened and sutured to the skin, 
the sphincter being reconstructed at the same time These procedures are 
highly successful and carry a very low mortality Abdominal colostomy is 
almost never necessary in such cases and should be avoided 

CASEfTBEPORTS, INTRINSIC OBSTRUCTION 
Case 1 — ^The infant was born with several anomalies and was not operated 
At autopsy complete atresia of the duodenum was found proximal to the arnpu 
Vater (Previously reported 

Case 2 — A premature male infant weighing S pounds and 8 ounces was 
the fourth day of life Markedly distended stomach and duodenum were oun 
patient stopped breathing several times during the procedure, which was ^ 
without attempt to relieve the obstruction The baby died two days ater 
showed incomplete stenosis of the second part of the duodenum and a per ora e 
the ileum A patent ductus artenosis and a patent foramen ovale were a so prese 
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Case 3 — A male premature infant weighing s pounds was observed to \omit all 
feedings from the time of birth, the vomitus resembling meconium A small amount of 
meconium ivas also passed per rectum The vomitus contained no bile When seen 24 
hours after birth, the infant’s abdomen was tensely distended throughout, liver dullness 
was obliterated and the skin was shiny, with mottling and venous engorgement Plain 
roentgenograms showed marked distention of the stomach and proximal duodenum with 
no gas visible elsewhere in the intestinal tract A large amount of free air was present 
m the peritoneum (Fig 2) At operation 36 hours after birth atresia of the duodenum 
proximal to the ampulla of Vater was demonstrated The cecum was in fetal position on 
the left side of the abdomen The perforation could not be identified since the stomach and 
duodenum had been evacuated through a No 10 catheter passed into the stomach, but was 
assumed to be in the first part of the duodenum where distention had thinned the wall 
greatly An isoperistaltic duodeno-jej unostomy was performed with 5-0 silk in three 
layers, and the catheter was passed through the stoma into the distal limb of the jejunum 
for feeding purposes The baby was given whole blood followed by Ringer’s solution 
by bone marrow infusion during and after the operation The baby’s condition was excel- 
lent the following day and small feedings were begun through the tube On the second 
day he passed several milk stools mixed with meconium It was necessary to place an 
additional catheter in the stomach to decompress the air the baby swallowed constantly 
On the fifth day it was apparent that the baby again had pneumoperitoneum Assuming 
that the anastomosis had leaked, the incision was reopened and that fact confirmed The 
anastomosis was repaired and two small catheters were introduced through the stomach 
wall, one going through the anastomosis to serve as a feeding tube and the other to keep 
the stomach decompressed The baby died the next day apparently of shock and bile 
peritonitis 

Case 4 — The full term infant began vomiting soon after birth, but retained part of 
Its feedings, and during this admission evidence of obstruction was unrecognized At ten 
months of age he was readmitted with a history of intermittent vomiting since birth and 
failure to gain weight, and died within a few minutes of admission Autopsy showed 
incomplete stenosis due to a leaflet in the second part of the duodenum proximal to the 
ampulla (Previously reported 2®) 

Case 5 — The infant was operated on at six days of age and lysis of adhesions per- 
formed in the region of the ampulla where obstruction seemed to exist The baby died 
eight days later from what was presumed to have been an intrinsic stenotic lesion just 
distal to the ampulla (Previously reported 

Case 6 — A aj^-pound premature female infant whose vomiting from the time of 
birth was projectile and bile-stained was admitted about eight hours after birth Marked 
visible peristalsis was noted from left to right in the upper abdomen and the roentgenogram 
showed a typical picture of duodenal obstruction Under local anesthesia and with bone 
marrow transfusion running, exploration showed the infant to have a ring pancreas 
After dividing the encircling ring of pancreas, however, it was found that a catheter could 
not be passed through the duodenum at this point due to complete stenosis A duodeno- 
jejunostomi was accordingly performed and the catheter passed through the anastomosis 
The baby passed milk stool on the second day but succumbed on the fourth day 

Case 7 — ^A five-weeks’-old infant was admitted with a history of vomiting bile- 
stamed material intermittently and incrcasmgU m amount, i\ eight loss and dehjdration 
There was marked visible peristalsis, and roentgenograms showed dilatation of the stomach 
and proximal duodenum Exploration showed a ring pancreas to be the apparent cause 
of obstruction This was dnided Because of continued \omiting the babj w'as reoperated 
upon four dais later Since it was apparent that an intrinsic stenosis existed distal to 
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the ampulla, an antenor gastro-jejunostomv was performed The baby recorered without 
incident and has remained well for 12 years (Previously reported 25) 

Case 8 —The newborn infant was observed for ten days prior to death, but not 
operated upon In spite of the fact that roentgenograms had showed that barium passed 
freely into the small intestine, at autopsy esophagus, stomach and duodenum uere enor- 
mously distended due to intrinsic stenosis at the diiodeno-jejunal junction (Prenoush 
reported 2 'i) 

Case 9 — A six-weeks’-old infant was cMdoicd for pyloric stenosis which was not 
found At autopsy a few days later partial stenosis at the duodeno-jejunal junction iias 
demonstrated The infant also had other anomalies (Previously reported 2s) 

Case 10 — A female infant was admitted two days following delivery, with a historj 
of vomiting bile-stamed material on the first day On the second day of life the vomitus 
contained coffee ground material The stool contained onh meconium Esamination 
sliowed the nppei abdomen to be distended after feedings, with peristaltic svaves running 
from left to right, and flat roentgenogiams showed the gas-filled stomach and duodenum 
Upon exploration, rotation of the colon was found to be complete Tlie first and second 
pai t of the duodenum were dilated and elongated The transverse portion of the duodenum 
was normal and the Levine tube w'ould not pass into this portion (Fig 13) The duod- 
enum was opened longitudinally across the point of constriction and a complete septum 
was found at that point The septum was excised and the incision was closed transversely 
Recovery iva^s uneventful and the child has remained 111 nornial health for seven vears 

Case 11 — A ten-day-old infant ivas admitted with a lustorv of intermittent vomiting 
since biith, but for the few days piior to admission all of each feeding was vomited, and 
the vomitus contained bile but no blood Stools were scanty but normal in color Exam 
Illation showed nppei abdominal distention after feedings, with visible peristalsis 
Roentgenograms with barium showed an enlaiged and elongated duodenum with almost 
complete obstuiction at the ligament of Tieitz Very small amounts of air and barium 
passed into tlie small intestine Tliree days after admission the abdomen was explored 
The duodenum was tremendouslv enlarged and elongated At the ligament of Treitz were 
a kink and a band which were freed but the Levine tube still failed to pass that point 
The duodenum ii'as opened at that point and a septum was found, in the center of which 
was a slit-like valvular opening 4 mm m length (Fig 14) The septum was excised an 
the incision in the bowel was closed transversely Roentgenograms 17 days later showe 
marked improvement but not return to normal The patient has remained well for two 
years since operation 

Case 12 — The patient was operated upon on the day of birth The distal 2 feet of ikum 
weie represented by a small band about which was twisted the blind end of deum, 'C 
latter being gangrenous An ileostomy was done and the baby died 24 hours later re 
viously reported 

Case 13 — Tins baby presented a picture similar to Case No 12 when operated upo 
on his third day of life, and he died following ileostomy (Previously reported ) 

Case 14 — Tins female infant, explored on the first dav of life, was found to lia 2 
stenosis of the distal ileum with marked dilatation of the proximal ileum an 
A resection and side-to-side anastomosis was performed Vomiting and ab g 

tention continued intermittently and when two weeks later the abdomen was reexp 0 
supplementary lateral anastomosis was performed between the proximal ileum w 11c 
remained dilated and the ascending colon Her condition was improved 0 
procedure but she did not gain well, and had intermittent bouts of abdomina 
suggesting partial obstruction In spite of adequate supportive therapj sie c\ 
pneumouia and died four weeks after the initial operation Autopsy sliowe no 
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evidence of intestinal anomaly, but the baby bad a patent ductus arteriosus and a patent 
septal defect 

Case 15 — A female infant weighing approMmately 5 pounds was admitted 48 hours 
after birth with a history of vomiting all feedings, with marked distention of the upper 
abdomen, visible peristalsis and roentgeiiographic evidence of marked distention of the 
stomach and entire duodenum \ sidc-to-sidc anastomosis was performed between the 
third part of the duodenum and the distal ileum In spite of suppoitnc therapi the infant 
died the following day Autopsy showed seven points of atresia between the ligament of 
Treitz and the ileocecal valve (Previously reported in detail 

Case 16 — This male infant was admitted to the hospital eight davs after birth with 
a liistory of vomiting mtermittentlv since birth and only one meconium stool passed on 
the fourth day of life In spite of the vomiting the infant had taken feedings well At 
hrst the vomitus w’as bile-stamed but subsequentlj became fecal m character An enema 
on the day of admission brought returns of greenish mucus Roentgenograms show'ed a 
typical picture of obstruction of the distal ileum At operation upon the day after admis- 
sion, atresia was found in the distal ileum, wnth marked dilatation of the entire intestine 
proximal to the point of obstruction An end-to-end ileostomy was performed after 
resecting the dilated distal loop and distending the distal ileum w’lth saline to increase its 
size On the seventh postoperative day the anastomosis perforated and the baby died of 
peritonitis Terminally the infant was edematous, probably due to administration of an 
excess amount of parenteral fluid Autopsy sliow’ed the distal loop of ileum and the 
ascending colon to be almost occluded by a cord-like mass of cellular debus wdiicli had 
prevented the functioning of the anastomosis Patient also had patent ductus arteriosus 
patent foramen ovale and portal thrombosis 

Case 17 — A. pieinature female infant seen on the third dav of life had begun vomiting 
on the first day and on the day prior to examination had vomited all feedings The vomitus 
contained bile The abdomen w'as uniformly distended, w'lth drum-hke tjmpany through- 
out, the skin being stretched so that the superficial veins were easily visible Livei dull- 
ness w'as obliterated Babj had passed a little meconium on the first day but nothing 
subsequently Roentgenograms showed enormous distention of several loops of small 
intestine as w'ell as free fluid and gas in the peritoneal cavity (Fig 3) Operation was 
performed on the third day of life, under local anesthesia, through a lower transverse 
incision while blood w'as given via bone marrow’ The peritoneal cavity contained a large 
amount of free gas and a moderate amount of greenish fluid It was found that the 
enormously distended ileum ended in a blind loop which was fixed m the pehis and had 
perforated, and that there w’ere two tiny segments of rudimentarv bowel about i cm by 
4 mm in diameter between this point and the ileocecal valve (Fig 17 ) Colon was in 
normal position but only about 5 mm in diameter The distended distal ileum had twisted 
upon Itself 111 such a manner as to produce r irtually a closed loop approximately 4 cm in 
diameter bv 10 cm m length This loop contained thick liquid material and gas and the 
wall W’as almost gangrenous This loop was resected and a lateral anastomosis w'as per- 
formed between the ileum and the sigmoid colon, which seemed to be the only part of the 
colon large enough to be hkcU to function effectnely, and an ileostomy tube was placed 
111 the distal end of the ileum The infant took feedings well, passed stools from the rectum 
immediately following the operation and fluid balance was maintained by parenteral elec- 
trolyte solution and intramarrow transfusions of whole blood and plasma Frequent stools 
continued from the rectum but drainage from the ileostomy' gradually increased in amount 
until at the end of three weeks it was apparent that the patient was losing fluid more 
rapidli than could be compensated for Accordingly, at this time the ileostomy wa« 
resected and an end-to-side anastomosis was performed between the distal ileum and the 
ascending colon winch had now increased m size until it was about i cm in diameter 

Vftci tins procedure the infant began to impro\c rapulK but still required some parenteral 
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feedings She died suddenly following an intramarrow plasma infusion at the age of four 
weeks While fat embolus from too rapid introduction of the plasma was suspected as the 
cause of death, this could not be confirmed at autopsy No other anomalies were disclosed 

Case 18 —This male infant of 5 pounds, 14 ounces at birth, began vomiting imme 
diately after birth and was suspected of having an intracranial lesion for the first three 
days It was apparent on the third day, however, that the baby had a complete intestinal 
obstruction Operation was performed on the fourth day disclosing an atresia of the 
distal ileum and a lateral ileo-transverse colostomy was performed The baby was in 
poor condition at the time of the operation and the anastomosis never functioned He died 
on the first postoperative day No autopsy was obtained, but there seems to be some 
question if the colon was actually patent distal to the anastomosis in this case 

Case 19 — ^This infant was operated upon the third day of life, presenting an atresia 
of the entire colon down to the distal sigmoid The baby died following ileosigmoidostomy 
(Previously reported 2®) 

Case 20 — This male infant of normal size began to show abdominal distention soon 
after birth and on the third day began to vomit Roentgenograms (Fig 6) showed 
marked distention of all intestinal loops and barium introduced per rectum showed marked 
distention of the entire colon down to the sigmoid At operation, performed on the fourth 
day of life, no point of obstruction was found Autopsy performed 24 hours later showed 
incomplete stenosis to exist in the midportion of the sigmoid colon Patient also had a 
patent ductus arteriosus and a patent foramen ovale 

Case 21 — ^This i8-hour-old term female infant showed abdominal distention from 
birth, vomited bile and passed no stool Roentgen examination showed marked distention 
of the stomach and duodenum and what was mterjireted as gas in the colon, thought to be 
due to an enema She was transfused and operated upon under drop ether anesthesia and 
found to have an atresia of the terminal ileum with a wedge shape defect in the mesentery 
and a collapsed portion of ileum below that point A lateral anastomosis between the 
dilated and collapsed loops of ileum was done, and the child recovered She was later 
admitted with a diagnosis of fibrocystic disease of the pancreas She is the sibling of 
Case 46 who had a meconium ileus and fibrocystic disease of the pancreas 

Case 22 — This one-day-old term female infant was operated upon on the first dav of 
life under drop ether anesthesia because of abdominal distention and absence of stoo 
Roentgenograms showed dilatation of the greater portion of the small intestines 
was found to he complete atresia of the terminal portion of the ileum, a wedge s ape 
defect in the mesentery and a collapsed distal loop of ileum A lateral anastomosis was 
performed between the distal and proximal loops, but the child died after eight hours 

Case 23 — This one-day-old term male infant vomited and became distended from the 
time of birth, and the vomitus contained bile Roentgen examination showed dilatation 0 
the greater portion of the small intestine He was transfused and explored un er m 
ether anesthesia and found to have a complete atresia of the terminal ileum with a we 
shaped defect in the mesentery An end-to-end ileo-cecostomy was done, wit suoviva 

Case 24 — This two-day-old term male infant was seen because of vomiting of bde 
and distention of the abdomen since birth and a roentgenogram showing 1 ata ion 
greater portion of the small intestines He had a complete situs inversus 
transfused and explored under drop ether anesthesia and found to have an a oinin 
inversus with the exception of the large intestines There was a reverse ro ^ 
colon so that the duodenum which was on the left side descended direct y into 
and was not retroperitoneal at all The colon lay with the cecum in t e ri 
quadrant but it passed up and behind the small intestines instead 0 in 
was a retroperitoneal organ There was a complete defect in the ttrmina 1 > 
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several small cystic remnants of ileum in the terminal portion and a collapsed terminal 
ileum about three inches in length An ileo-cecostomy was performed. This functioned 
postoperatively, but only poorly, because there was a continuing partial obstruction in the 
colon where it passed behind the superior mesenteric vessels and the dilated jejunum An 
ileostomy was done above the anastomosis ii days after the original operation in an 
attempt to decompress it, but in spite of this the child died 27 days later In retrospect 
It would seem that something should have been done to prevent the obstruction in the 
transverse colon, either by doing the anastomosis to the left half of the transverse colon, 
or of transecting the colon and reanastomosmg it in front of the vessels 

Case 25 — This three-day-old term female infant was noted to refuse all feedings 
from birth, and to vomit bile The abdomen became distended and peristalsis was visible 
No roentgen examination was made She was transfused and operated upon under drop 
ether anesthesia and found to have a diaphragm across the terminal ileum 8 inches above 
the ileocecal valve A plastic operation was done on the valve, excising it and closing the 
gut At the time of the operation it was felt that there was some question about the 
viability of the intestines adjacent to the septum The child died after 8 hours, from 
peritonitis Postmortem examination also showed incomplete expansion of the lungs 

Case 26 — This three-day-old term male infant was noted to ha\e had no stools and 
to vomit, the vomitus containing bile A barium enema was done, and the colon filled onlv 
to the splenic flexure and there was tremendous dilatation of the small intestines The 
child was transfused and operated upon under drop ether anesthesia There was a focal area 
of marked enlargement of the jejunum and multiple areas distal to that in the ileum and 
colon in which there was no apparent lumen of the intestines Interposed were segments 
of apparently normal intestine These were interpreted as multiple areas of complete 
atresia and nothing was done The child died after six days and at autopsy the area of 
dilated jejunum previously described was again noted, and although the remaining portion 
of the intestinal tract had a lumen it was reduced in size The apparent cause of death 
was peritonitis 

CASE REPORTS, EXTRINSIC OBSTRECTIOXS 

Case 27 — This five-day-old infant had vomited bile or bile-stained fluid since birth 
Examination revealed distention and visible peristalsis in the upper abdomen, stools were 
blown and soft with curds Roentgenograms with opaque material revealed the stomach 
and duodenum to be widely dilated, and what little opaque material entered the jejunum 
was on the light side of the abdomen A few gas shadows on the left suggested colon 
The historv and roentgen findings were considered typical of partial duodenal obstruction 
due to malrotation and volvulus At operation, the cecum was found to be in the upper 
abdomen overlying the duodenum and there was a 360 degree clockwise volvulus of the 
entire small intestine There was also partial obstruction of the first part of the jejunum 
where it went through a defect in the mesentery, and it was further fixed by the peritoneal 
attachments of the cecum The latter were freed, and the volvulus reduced The attach- 
ments of the duodenum were not freed Recovery was uneventful, and the patient has 
icniained well for ten vears (Previouslj reported-®) 

Case 28 — A five-weeks’-old infant presented a picture of high intestinal obstruction 
and upon exploration disclosed a partially rotated colon with stenosis of the second part 
of the duodenum due to the peritoneal attachments of the unrotated cecum Freeing these 
permitted filling of the third part of the duodenum and jejunum The attachments of the 
duodenum and cecum were not otherwise disturbed The babj ’s recov cry was unev entful 
fPrevioush reported-’’) 

Case A healthv appearing infant of almost 8 pounds at birth, began vomiting 
the first dav after birth and continued to vomit with increasing frequencj until seen bv 

501 



GLOVER AND BARRY ^n,„,s or 

^'^ntcmbcr jjj*, 

the pediatrician and surgeon on tlie seventh day The voinitus contained bile The baL 
passed meconium on the first day, a few small yellow or brown stools on the sec d 
fifth days, mid had no stools on the sixth and seventh days When seen he was dehX 
and showed upper abdominal distention with ma.ked visible peristalsis RoentglnSm 
taken following ingestion of barium showed marked dilatation of the stomach and dul 
num and only a few flecks of barium in the small intestine Barium injected by rectum 
showed the colon to be entirely on the left side (Fig 7 ) The diagnosis of malrotation with 
volvulus was confirmed at operation Reduction of the volvulus did not relieve the duodenal 
obstruction, however, because it was constricted near the ligament of Treitz by peritonea! 
bands Release of the attachments of the cecum and transverse colon and duodenum per 
mittcd the duodenum to empty freely Without disturbing the root of the mesenten, the 
cecum was carefully rotated to the right lower quadrant of the abdomen and left there 
without fixation Recovery was uneventful The child has remained free from symptoms 
for eight years Roentgenograms following barium enema taken six years after operation 
showed the entire colon to occupy the normal position (Fig 7) The duodenum emptied 
vertically into the jejunum on the right side of the abdomen 


Case 30 — E W, a 2900 Gm premature male infant had been 111 the hospital since 
birth Although his development had been slow, he seemed to be progressing normallj 
except for intermittent vomiting On the 40th day following delivery, he began to vomit 
everything that he took by mouth The vomitus occasionally contained blood Phvsical 
examination revealed an underdeveloped and dehydrated infant The upper abdomen 
was distended and theic were visible peristaltic waves passing from left to right across 
the upper abdomen Roentgenological examination revealed a gas bubble in the 
stomach and anotiier in the duodenum, and a uniform ground-glass appearance of the 
lower abdomen The child was transfused and explored tlirough a right rectus incision 
under drop ether anesthesia On exaniinatioti of the hgament of Treitz, there was 
found to be a complete 360 degree volvulus of the entire small intestine in a counter 
clockwise direction Tlie cecum was completely rotated, but the distal ileum disappeared 
through what appeal ed to be the orifice of an internal hernia As the volvulus Nvas re 
duced, it was found to completely obstruct the duodenum at the hgament of Treitz The 
duodenum proximal to that point was elongated and dilated As the mesentery va* 
straightened out, there was found to be a secondary obstruction due to the herniation 
of the terminal ileum into a sac formed by an outpocketing of a fold of mesenterj 
behveen two vascular arcades About 8 inches of intestine were in this sac (Fig n) 
The hernia was reduced, and the sac obliterated by suturing its mouth The colon was 
mobilized, the duodenum completely freed and explored, and a tube passed through d 
The colon was allowed to fall back to the left side of the abdomen and was not re 
attached The child’s postoperative course Avas uneventful and he was discharged 2 wee ^ 
later The patient was readmitted 2 weeks later with another bout of intestm ^ 
obstruction He was explored and secondary adhesions in the termina 1 cum 
found to be the cause of obstruction His recovery was uneventful 


Case 31 — B W, a foui -day-old colored boy was admitted to Babies and Cl”|^ 
dren’s Hospital following a normal delivery with a history of ^ ™ 

feedings since birth Vomiting followed feedings by 20 to 30 minutes ant le . 
contained bile The stools contained mecomum. md on one occasion 
Roentgenologic examination revealed dilatation of the stoinaci, air m 1 
and almost none in the small intestine The child was explore un er ro 
thesia on the fourth day of life The cecum was found "g^amiration of 

The first, second and third portions of the duodenum were enlarg rctropen 

the ligament of Treitz, a herniation of the first part of the of obstruc- 

toneal sac adjacent to the ligament of Treitz was found ns untpr-ital and the 

tion, and when it was reduced, air passed freely The sac was o 
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abdominal wall closed, leaving the intestine in place The child did not do well, and 
continued to vomit Repeated roentgenologic examination showed that some gas passed 
into the small bowel, but very little On the sixth postoperatne day, the child w'as 
explored a second time The neck of the previous hernia w'as closed, but there w'as a 
complete 270 degree voKulus of the entire small intestine w'lth the ligament of Treitz 
and colon as an axis The volvulus w'as reduced, and the hepatocolic ligament divided 
The lateral peritoneal reflection of the right colon was incised, and the duodenum com- 
pletely freed and explored wnth a Levine tube The colon w'as allowed to drop back 
into the left side of the abdominal cavity The child’s recovery was complicated by 
continued vomiting of parts of each feeding for several weeks The child continued to 
lose w’eight for 6 weeks, but at that time \omiting diminished, and he began to gam 
weight His eventual recovery w'as complete 

Case 32 — The newborn infant was observed for eight days wdiile vomiting and 
distention increased At operative exploration the entire small intestine and the large 
intestine up to the splenic flexure w'ere described by the operator as dilated No error 
of rotation was noted The baby died following ileostomy and no autopsy w'as ob- 
tained It seems possible that this was a case of reierscd lotation (Previous!} 
reported 

Case 33 — The newborn infant was operated upon wnth a diagnosis of pyloric stenosis, 
but obstruction was found to be due to a defect in the gastro-colic omentum through 
Ahich a loop of jejunum had herniated into the omental bursa Recovery followed re- 
placement of the bowel and closure of the defect (Pre\iously repotted -") 

Case 34 — P, a scvtn-day-old white girl was bom October 19, 1947, following 
a normal pregnancy and spontaneous delivery She was fed within 12 hours, and 
vomited immediatel} She was offeied several formulae, but never retained more than 
half of a 30 cc feeding On the day before admission, she vomited everv thing despite 
atropmization to the limit of tolerance The infant had been maintained on parenteral 
fluids Physical examination revealed a normal, healthy female infant Following each 
feeding the upper abdomen was greatly distended with fluid and air, and peristaltic wav es 
were visible passing from left to right Vomiting was immediate and projectile, the 
vomitus contained bile The stools were meager and light brown Roentgenologic 
examination on October 23, 1947, levealed a large amount of air in the stomach and 
duodenum, and a moderate amount m the small intestine Barium studies showed an 
obstruction m the third portion of the duodenum bejond which onlj ver} small flecks of 
barium passed Under drop ether anesthesia, the duodenum was explored The rota- 
tion and fixation of the intestine were normal The first and second portions of the 
duodenum were dilated and elongated On freeing the third portion of the duodenum, the 
superior mesenteric artery was found m a tight fold of peritoneum which constricted 
the portion of duodenum which passed beneath it (Fig 12) The entire duodenum and 
colon were mobilized Postoperativclv the child was fed 5 per cent Karo within ^2 
hours, and protein SM*\ after 24 hours She continued to vomit small amounts of some 
fiedmgs in decreasing amounts for 6 davs, lUhough the vomiting was never piojectilc 
and peristdtie waves wcie never visible Aftei tbe first week neoverv was iiiieventful 

Case 35 — R Y, a live-daj-old white girl was admitted to the Babies’ and Chil- 
dren’s Hospital witli a histor} of vomiting all feedings since birth, m spite of dietarv 
modifications and atropmization Pregnane} was norma! and deliver} bv low forceps 
uncomplicated She vomited the first and subsce(iient feedings completelv The vomitus 
eontamed bile, and alter 48 hours flecks of blood The stools were scant but contained 
bile Phvsical ex iimnation was normal Roentgenologic examination revealed air m 
the stomath first md second portions of the duodenum md a small amount 01 air in 
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the small “testme Injection of 6o cc of air through the Levine tube into the stomach 
accentuated the radiographic picture The child was explored on the fifth dyS 
under drop ether anesthesia The intestines were normally rotated The IrolZ 
duodenum was dilated and elongated up to the ligament of Treitz, where there ivas a 
definitely tight peritoneal band When this was freed, gas passed freely mto the 
jejunum and a Levine tube passed easily The child’s convalescence was slow She con 
tinued to vomit s to lo cc of each 6o cc feeding for ten days At the time of dis 
charge, vomiting had ceased and the stools were normal 


Case 36 — This ten-week-old normal term male infant developed severe vomiting 
and progressive abdominal distention, and was admitted to the hospital 40 hours after the 
onset of symptoms He was severely dehydrated The abdomen was quiet Roentgen 
examination showed dilatation of the entire small intestine with a typical ladder pattern 
After blood and electrolyte balance were restored, his abdomen was explored under drop 
ether anesthesia A Meckel’s diverticulum existed with a cord extending from its tip 
to the ileo-cecal valve and the intervening gut was caught under this cord, twisted and 
gangrenous The gangrenous segment was resected and an ileo-cecostomy done, with 
survival 


Case 37 — This six-day-old term male infant vomited most of his feedings from 
birth The vomitus contained bile and the stools were scant Roentgenograms showed 
distention of the stomach and duodenum and barium studies showed partial retention of 
barium in the stomach after 24 hours He was transfused and the abdomen explored 
under drop ether anesthesia An incomplete attachment of the colon with a 360° 
clockwise volvulus of the entire small intestine on the ligament of Treitz was found 
The volvulus was reduced, the duodenum freed and left on the right side of the abdomen, 
and the colon on the left The child recovered and had no further vomiting 


Case 38 — ^This two-day-old premature male infant was seen because of persistent 
vomiting of bile-stained material, no stools, and distention of the upper abdomen 
Roentgenograms showed a dilated stomach and duodenum, and no air in the rest of the 
intestinal tract He was transfused and operated upon under drop ether anesthesia and 
found to have incomplete rotation and fixation of the colon with a 360* 'volvulus, 
counterclockwise, of the entire small intestine This was reduced and the duodenum 
completely freed and returned to the right side of the abdomen, the colon to the left 
The child had some vomiting postoperatively for ten days Since then the child has 
developed normally 


Case 39 — This i 8 -day-old term male infant’s abdomen was explored under 
drop ether anesthesia after 15 days of conservative treatment for persistent vomiting 0 
bile-stained material, upper abdominal distention, visible peristalsis and scanty ® °° 
He was found to have a 360° volvulus of the entire small intestine at the ° 

Treitz with incomplete obstruction of the duodenum The volvulus was reduce an 
nothing else done The child survived and developed normally 


Case 40 —This three-day-old, six weeks premature, male infant had 
stained material since birth Roentgen examination showed some air in e 
tract and a suggestion of fluid between the loops of intestine, m icative 0 
He was operated upon under drop ether anesthesia and found to ave . 

rotation of the colon with a 720° counterclockwise volvulus of t e entire sm 
The small intestine was gangrenous so that nothing could be one, an e 
in three hours 

Case 41 —This three-day-old term male infant was admitted because 
bile-stained material since birth Roentgenograms showed a 1 a 
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duodenum and absence of air in tiie small intestines Exploration done under drop ether 
anesthesia showed an obstruction at the ligament of Treitz, presumably due to extrinsic 
bands, but the duodenum was not freed A duodeno-jej unostomy was done and the child 
survived and developed normally 

Case 42 — This two-and-one-half-months-old female infant was admitted because of 
failure to gam weight, vomiting of bile-stained material, visible peristalsis from left to 
right in the upper abdomen and barium retention in the stomach after six hours She was 
operated upon under drop ether anesthesia and found to have an enlarged stomach and 
duodenum with obstruction that was interpreted as extrinsic at the ligament of Treitz 
A duodeno-jej unostomy was done and the child died of peritonitis on the fifth postoperative 
day Autopsy demonstrated a partial stenosis in addition to the extrinsic fold, which 
taused partial obstruction at the duodeno-jejunal junction 

Case 43 — ^This six-week-old premature male Mongolian idiot had had vomiting of 
bile-stained material since birth The upper abdomen was distended and the stool scanty 
Roentgen-ray examination showed tremendous dilatation of the stomach and duodenum 
and no air in the small intestine He was operated upon under local anesthesia and found 
to have an incomplete rotation of the colon with obstruction of the duodenum at the 
ligament of Treitz due to extrinsic peritoneal folds These were freed and the child was 
better for 2 days but again began to vomit, and died on the sixth postoperative day 
Autopsy showed, m addition to the extrinsic obstruction, a partial septum at the ampulla 
of Vater 

Case 44 — This six-day-old female term infant had had jaundice since birth and 
vomited all feedings, the vomitus containing bile There was visible distention of the 
upper abdomen and peristalsis from left to right Stools were absent She was operated 
upon and found to have extrinsic obstruction around the second portion of the duodenum 
due to bands, which were freed The patient died 13 days postoperatively Autopsy 
revealed, in addition to the extrinsic obstruction, a partial septum at the ampulla of Vater 

Case 45 — ^This three-day-old term male infant vomited bile and all feedings from 
birth The upper abdomen was distended and he had no stools Roentgenograms showed 
a tremendous double loop of duodenum and a small stomach He was operated upon and 
an extrinsic obstruction at the ligament of Treitz, incised freeing the duodenum He did 
not improve and on his tenth postoperative day was reoperated upon and the duodenum 
was freed more completely He continued to vomit, and died six days later The surgeon 
interpreted this case as one of primary megaloduodenum 

Case 46 — This two-day-old term female infant was admitted because of distention of 
the abdomen and small stools containing only meconium Roentgenograms showed dis- 
tention of the small intestines She was operated on under drop ether anesthesia and 
found to have two areas in the small intestines in which the gut was herniated into its 
own mesentery, requiring a double resection of the small intestine and lateral anastomosis 
The child died after five daj s, of per.tonitis 

Case 47 — ^This one-day-old term male infant vomited bile from birth and showed 
marked abdominal distention Roentgen examination showed distention of the entire 
small intestine, the stomach and duodenum He was operated upon under drop ether 
anesthesia and the jejunum and a portion of the ileum were markedly dilated Beginning 
m the mid-portion of the ileum there was an abrupt diminution in the size of the gut to a 
cord like structure which contained inspissated meconium This was broken up and par- 
tially passed into the colon bj massage and the injection of saline through a fine needle 
On the operating table the child had two large meconium stools He died 24 hours later 
The autopsj sliowed that the lumen of the intestines was patent but that the abrupt change 
111 the size of the gut persisted Tlic cliild also had fibroc\stic disease of the pancreas 
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COMMENT 

The small senes of cases leported does not lend itself to complete statis- 
tical analysis The figures presented m the tables may, however, justif} 
certain generalizations It seems apparent that the extrinsic obstructions 
represented by errors of rotation, carry a distinctly lower mortality rate than 
do the intrinsic defects, chief!} because they aie incomplete The atresias 
carry a much higher mortality rate because they represent complete obstruc- 
tions, and also because they are frequently accompanied by associated 
anomalies, chiefly cardiac 


Tablf I — Moriahfy 


Authors’ Series 

Tjpe of Obstruction 

Cases 

Death*? 

Mortality 

Extrinsic 

16 

4 

23% 

Extrinsic and intrinsic 

4 

3 

15% 

Intrinsic 

24 

18 

15% 

Totals 

44 

2S 

57% 

Ladd’s Senes”' 




Fxtrmsic 

59 

22 

57% 

Intrinsic 

87 

64 

13% 

Totals 

146 

86 

59% 

In this leport we have not attempted to 

separate the intestinal atresias 

from the stenoses, since the classification is 

difficult at best, and the only 

functional difference between the two is m the lelative degree of obstruction 

produced The stenotic lesions along with the 

errors 

of rotation carry a lower 

mortality rate than the complete atresias, as reflected m Table IV 

Table II — Infiiustc Dejects 

Ca>=es 

Deaths 

Mortality 

Duodenal 

8 

S 

62% 

Duodenal and extrinsic 

4 

3 

75% 

Ileal 

14 

11 

78% 

Colon 

2 

2 

100% 

Totals 

24 

18 

75% 


It has been geneially assumed in the liteiature that the duodenal atresias 
offer a better piognosis than do ileal atresias When the cases m ou 
senes which demonstiated both extrinsic and intrinsic lesions of the duodeiiii» 
are grouped with the duodenal lesions, the appai ent diffeience between 
two groups disappears, and they join the oveiall group ot complete obstru 

tions which produce a mortalit} of 75 pei cent c n to 

When our cases are giouped by years (Table III), it seems justi 
conclude that the moitality has imjiioved to some extent as a lesiilt o 
and eailier diagnosis, moie blood, and the use of antibiotics In am 
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elusions diawn fiom suck figures, however, it must be considered that the 
relative incidence of cases of complete obstruction in any one group will 
considerably affect the mortality late 


Table III — Compaiatxvc MoitaUty 



Cases 

Mortality 

1924-1938 

11 

81% 

1939-1948 

33 

5I%* 

1944-1948 (U H ) 

20 

3S%t 

* During this interval supportive therapy 

was significantly improved 



t In tins group earlier diagnosis was a probable factor The fact that this group in- 
cluded 33 per cent intrinsic lesions as compared with 64 per cent intrinsic lesions for 
the entire series may have influenced the mortality also 


Table V shows some of tbe possible causes of mortality which the sur- 
geon can improve Even if it weie theoietically possible to eliminate all these, 
howevei, the surgeon would still be handicapped by the incidence of pie- 
niaturity and associated cardiac defects 


Table IV — Paefots in Mottabiy 


Of infants known to be premature mortahtv was 60% 

Of infants with associated anomalies chiefly cardiac mortality was 92% 

Those with complete obstruction, mortality 7S% 

Those with incomplete obstruction, mortality S0% 


There was no direct correlation between the age of the infant at the time of operation 
except in the case of intrinsic lesions where delay in operation seemed to influence the 
mortality 


SUMMARV 

The chance of survival of the newborn infant with intestinal obstruction 
has increased during the past quarter century due to improved diagnostic, 
suppoi tive and operative technic, but not to the extent achieved in adults 


Tabif V — Factois iit Moifalitx of Patltculo) Concern to the Swgcon 


Tabulation of Possible Surgical Errors in Authors Series 


incomplete operation 
Inadequate blood 
Technical errors 

Poor choice of anastomosis, 1 

Stomach not decompressed 2 

Xo complementary ileostomy 6 

Ilcostomv onlv 3 


11 

4 


12 


Total 

I-ess causes duplic itcd 
Net total 

Total deaths in senes 


27 

4 

23 

25 


We ha\e presented a group of cases irom three laige urban hospitals, 
operated upon In a numbei of suigeons, and have reviewed some of the errors 
in management that ma3 ha\c contnbuted to the high mortahh rate 

n07 





GLOVER AND BARRY 


Annals of Surgm 
September 194 <j 

Diagnostic methods have been summarized The history and physical 
findings are usually characteristic and are verified by roentgenograms 

The administration of blood and electrolyte solution before, during, and 
after the operation is of prime importance 

Factors contributing to high mortality rate are the high incidence of pre- 
matuiity and caidiac anomalies, delay in diagnosis and hence operation, 
inadequate suppoitive therapy, and inadequate or unphysiologic operative 
management 

The most significant single factoi seems to be the presence or absence of 
complete obstruction 

Surgical errors rank high as probable causes of failure 

Penicillin given before, duiing, and after operation reduces the incidence 
of peritonitis 

Anesthesia, surgical appi caches, and specific operative procedures are 
probably less important in detei mining results than are a thorough under- 
standing of the anatomical and physiological problems peculiar to the lesions 
Completeness in exploration, and the use of piimary, definitive surgery to- 
gether seem to offer the best chance foi survival of the infant Partial pro- 
cedures are to be avoided at all cost The use of postoperative decompression 
is of majoi impoitance 
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Discussion — ^Dr Thomas H Lanman, Boston I think this presentation by Dr 
Glover shows what can be done with careful technic and careful attention to the many 
minute details so necessary to success in dealing with these young patients His results 
are remarkably good and though ouis at the Children’s are perhaps a little better, I 
think it will be only a short while before ours may be surpassed by those of Dr Glover 
The important thing, wlien dealing with these malrotations, is a clear under- 
standing of the embryolog)' Not until this fundamental knowledge was appreciated did 
we get any lowering of the mortality in midgut volvulus, associated rvith malrotation 
In the other conditions. Dr Glover’s figures correspond with ours, in that the higher 
the atresia or stenosis, the better arc the results We have had a 61 per cent recovery 
m the cases of obstruction m the duodenum Decompression proximal to the lesion, 
I think, IS of great importance, but m our experience the nasal catheter to the stomach 
stems to be better tolerated than Dr Glover has mentioned We do not sew a catheter 
in the bowel or stomach routinely as he has described, and believe that in most cases 
It IS not necessary or desirable 

In the cases of malrotation, as you have seen from the motion picture, it is vital 
to obtain a very wide exposure and so be able to see very clearly just what the condi- 
tion may be It is futile to attempt to see or to treat what is wrong, through an in- 
adequate incision 

An understanding of the embryologj' has resulted in veiy^ much better treatment, 
but we must go further m our studies of the underlying cause of these conditions In 
looking o\er our cases to bring them up to date last year, we came across a rather 
disturbing fact It suggests the importance of the basic underlj mg cause of all these 
malformations As Dr Glover pointed out, these anomalies often are multiple In con- 
sidering associated anomalies, the disturbing fact is this 

In our last 17 recoveries in the surgical treatment of duodenal atresia, four patients 
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now are proved Mongols and two others arc nientallj deficient 
three to five years after operation Obviously one cannot, with 
diagnosis of- Mongolian idiocy on the first day of life, though" 
vve did record this possibility 


These cases are now 
any security, make a 
in tw'o of these cases, 


We must go on improving our surgical technic, our knowledge of fluid balance and 
all those details which are of such great importance to surgical success We must not 
discourage attempts to cure these malformations, but I do think tliat the coming gen 
oration should be stimulated to find out ro/iv tliey occur, and to me this is now the 
greater challenge 


We have a high per cent of mentally deficient patients in this recent senes of suc- 
cessfully operated cases Perhaps one could argue that these children were born 20 
years too late, because 20 years ago they would, presumably, all have died I do not 
agree with such a premise, but rather I believe we should go further in the stud) 
of these Conditions than in the mere improvement of surgical technic 

I would prefer to accept this challenge of the need for further study than to fake 
a rather simpler explanation that was offered to me last evening by a colleague, who 
remarked that these figures on mental deficiency merely confirmed his impression that 
Boston was no longer an intellectual center 


Dr EDWI^ M Miller, Chicago Mr Chairman and Gentlemen, I hesitate to dis 
cuss this interesting paper of Dr Glover for fear of not being able to add anything ol 
teal importance Great strides, indeed, have been made m this field since the first sue 
cessful operation for atresia of the small bowel by Fockens of Rotterdam m 1911, and 
several members of the American Surgical Association have made worthwhile con 
tnbutions, particularly Dr Ladd, Dr Gross, and Dr Lanman of Boston and Dr 
Donovan of New York, Dr Wangensteen of Minneapolis, and Dr Wilhs Potts of 
Chicago 

As I see it, the all-important thing is early diagnosis, and m order to obtain an 
early diagnosis the chief problem is to bring the matter effectively to the attention of 
those who first see these little infants with congenital obstruction, namely, the ob 
stetncian, the pediatrician, and the men in general practice 

I would like to point out one or two things which are important 

1 The use of barium by mouth is not advisable in making a diagnosis and is not 
necessary, as a plain x-ray film of an atresia of the duodenum will clearly show the 
stomach and duodenum distended w'lth air, and if the obstruction is m the small bowel, 
the dilated loops will be easily seen The value of barium, if used at all, is when em- 
ployed by enema, as then it will help to rule out an obstruction in the rectum or at 
the anus, and when it flows freely into the large bowel will reveal the pressure or 
absence of an incomplete rotation of the colon, thus giving information very importan 
to the surgeon 

2 It IS imperative before operation to deflate the obstructed bowel with a e\>u 
tube or a small-sized (No 12) Miller Abbott tube if possible, in order that the ab om ^ 
can be widely opened and the obstruction adequately dealt with so that the use 0 a' 

ileostomy may be avoided / \ ti ease 

These points are here emphasized by four lantern slides which show' (i) ’C 
of diagnosis of an atresia of the ileum by the plain x-raj film, (2) the *^*''' *, 
anastomosis after adequate deflation of the bowel (3) the good progress 0 le 
about six weeks later, and (4) the G I follow-through with barium by niou 

months after surgery , ^ jne 

The moving pictures shown by Dr Glover in dealing with a Ing o s u 
to volvulus and malrotation have been very instructive 

Dr Willis J Potts, Chicago The history of one of three similar “ 

recently is interesting in connection with this suh)ect of intestinal atresia so 
sented by Drs Glover and Barrv 
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This three-claj -old child had all the signs and sjmptonis of congenital atresia of 
the bowel The x-ray picture (slide) shows typical dilated intestinal loops containing 
fluid levels The infant had had no bowel movement During the operation under ether 
anesthesia the infant passed a huge meconium stool No obstruction -was found and 
the abdomen was closed Attention was promptly called to an article which appeared 
in the American Journal of Diseases of Children m Januarj, 1948, by Zuelzer and 
Wilson of Detroit, ‘Tiinctional Intestinal Obstruction on a Congenital Neurogenic Basis 
in Infaiicj " Their description of cases showing all the signs of congenital atresia of 
the bowel but actually having no nicchanical obstruction made the diagnosis for us 
Typically the infant again de\ eloped signs and symptoms of complete intestinal obstruc- 
tion requiring a transverse colostonij 

Since the area of agenesis of the m3'’entenc plexus is usuallj confined to the 
descending colon it has been advised that the descending portion of the colon be 
resected later and that the transverse colon be anastomosed to a suitable stump of the 
I ectuni 

Dr Doxaid M Glovfr, Cleveland We arc much indebted to Dr Lanman, Dr 
Miller and Dr Potts for their discussion 

In regard to Dr Lanman’s comment that at the Children’s Hospital thej have had 
little difficulty w'lth the presence of a tube in the baby’s pharjmx, I must admit that 
we have also had some patients w'ho seemed to tolerate it fairly w'ell Some of them, 
how'ever, develop edema of the pharynx from the presence of the tube, and in some 
instances there w'as tracheal aspiration of regurgitated gastric contents w’hicli we 
believed w'as at least partly due to the presence of the tube We do not at present have 
bitumen tubes small enough to be satisfactory for use in small infants, and it seems 
safer to have feeding and aspiration tubes inserted through the gastric wall than to 
depend upon a tube introduced through the pharynx which can serve onlj as a feeding 
tube or an aspiration tube, but not both 

Dr Lanman has called attention to the associated defects We hope that the 
present efforts of the obstetricians and internists to prevent prematurity and maternal 
infections during pregnancy inaj'- reduce the incidence of these defects 

Referring to Dr Aliller’s comment about ileostomy, there haie been at least two 
cases reported w'here sur\i\al has follow'ed the primary use of ileostomy alone Dr 
Miller also raised the question about the possibility of future obstruction in cases of 
malrotation and volvulus in which the colon and duodenum have been freed from their 
lateral peritoneal attachments Among the last ten cases operated upon in this manner, 
w’C have had one case of recurrent obstruction w’hich w'as not, howe\er, due to denuda- 
tion of peritoneum A number of cases wull be found in the literature which demonstrate 
the possibility of a recurrent obstruction where the colon and duodenum have not been 
completely mobilized, as advised by Ladd From the patients we have had an oppor- 
tunity to follow, we have encountered no difficulty from deperitoncahzation We have 
been impressed with the fact that the pentoneuni of the newborn infant covers defects 
I apidly 

The question as to whether or not the colon should remain on the left side, in the 
fetal position, has been argued Dr Ladd feels that it should and most of us, I believe, 
feel that it is safer in that position We have on occasion, however, dehberatelj placed 
the colon on the right side of the abdomen without fixing it m anv way and subsequent 
roentgenograms, taken jears later, have shown that the cecum remained in its normal 
position on the right side although the duodenojejunal junction retains its vertical 
position 

The interesting case presented bj Dr Potts brings up several important points 
which, due to time limitations, we shall not attempt to discuss 
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Studies on the origin of gastro-mtestinal gas support the theory that 
swallowed air is its chief source The literature on the subject is voluminous 
and only a few pertinent articles will be referred to 

Kantor^ in 1918 presented the older historical background on the subject 
and Alvaiez’s” comments are thorough and interesting Mclver, Benedict 
and Cline® m 1926 showed that cats v. ith peritonitis had considerable gaseous 
distention of the stomach and intestine, but if the pylorus was ligated at the 
time of the peritoneal contamination, then the stomach •was dilated without 
distention of the intestines The importance of swallowed air was obvious, 
and, using gastric suction m patients, these authors were able to reduce mate- 
iially the incidence of postoperative distention Wangensteen^ in 1932 insti 
tuted the very important use of continuous gastro-duodenal suction-siphonage 
in decompressing certain types of acute mechanical intestinal obstruction, and 
with Paine and Carlson® in 1933 showed that the same procedure would often 
remove from 2000 to 3500 cc of gas daily from postoperative surgical patients, 
and thus markedly reduce the incidence of postoperative distention Wangen 
Steen and Rea® in 1930 presented their classical experiment further indicting 
external air as the mam source of gastro-mtestinal distention by showing that 
the gas content of obstructed ileal loops in dogs was greatly reduced if at 
the time of producing the obstruction the cervical esophagus was also divided 
and the distal end closed In earlier experiments it had been learned that 
if the distal end was left open the animal swallowed as much air as a dog 
with the esophagus intact Singleton, Rogers and Houston’ in 1942 state 
that postoperative distention in patients undergoing abdominal operation'^ 
did not occur as long as continuous suction was applied through an inlyins 
gastric tube They emphasized the prevention of gaseous distention by t e 
preoperative institution of the procedure rather than its use to relieve is 
tention later The present widespread use of this valuable advance m ah om 


inal surgery is due to the work of these various investigators 

The authors’ interest in this subject centers mainly on how atmosp enc 
air enters the esophagus and stomach Actual swallowing of air does 
part in many cases, but there must also be other mechanisms involve , 
ularly to account for the occasional lar ge and rapid accumulations 

* Read before the American Surgical Association, St Louis, Mo , April ar, i049 
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Moms, Ivy and Haddock® noted the paucity of observations on actual 
swallowing of air by distended patients and reviewed pertinent comments on 
acute gastric dilatation, air-suckmg and esophageal speech, conditions undei 
which air is known to enter the esophagus and stomach without swallowing 
In order to study possible mechanisms involved they attempted b} a large 
number of animal experiments to produce acute gastnc distention, but were 
unable to do so with any degree of constancy Using human subjects, how- 
ever, they weie able to show that 

1 Attempting actively to breathe against a closed glottis can produce 
negative pressuies in the esophagus and stomach up to 30 cm of water 

2 The superior esophageal constrictor is a very important sphincter nor- 
mally closed, but opening on deglutition to allow food and drink to pass into 
the esophagus This sphincter can be relaxed consciously by some individuals 
and unconsciously by others The muscular tube of the esophagus is inter- 
esting in that at least the upper part is striated “ The superior esophageal 
sphincter was first described by Killian® m 1908 and is found at the 
pharyngeo-esophageal junction where a fold of mucosa and the transverse 
fibers of the inferior pharyngeal constrictor muscle form the sphincter 

The combination of the negative pressures stated m (i) above and 
intubations or relaxations of the superior esophageal sphinctei permitted the 
following obseivations In reading them over it is evident that the piocesses 
described are all of the same nature, with only minor vaiiations, depending 
upon ways of opening the sphinctei and how the negative intra-esophageal 
pressure was pioduced 

3 With the supeiior esophageal sphincter intubated with a Levine tube 
to the stomach, the negative pressure of each attempt to breathe against a closed 
glottis easily drew from 50 to 160 cc of air from a spirometei into the 
stomach With a few such efforts gastric gas quickly amounted to 400 to 
500 cc 

4 With the superioi esophageal sphinctei relaxed, as can be done by 
many individuals, the negative pressure of attempting to breathe against a 
closed glottis easily drew 1000 to 2000 cc of air into the esophagus in a 
period of three to five minutes “Air-suckers” to us are individuals who 
know they can do this, and control the act “Aerophagics” carry out the 
same procedure, but are the highly nenmus 01 hysterical individuals ^^ho do 
not know or mil not lecognize what they are doing to ingest an The 
relationship between nenousness and gasti o-intestinal gas has been stressed 
by many authors and will be emphasized latei in this papei 

5 With the supeiior esophageal sphinctei partially relaxed, as m sleep, 
attempting to breathe against an obstructed an way — tongue dropped back and 
snoring — resulted m the aspiration of air into the stomach 

6 Along with learning how to relax the superior esophageal sphincter the 
laryngectomized patient can place a finger over the tracheotom)’' opening and 
on trying to breathe produces an increased negative intra-esophageal pressure 
which draws air into the esophagus, and stomacli to some extent With con- 
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trolled eructations of the air “esophageal speech” is possible The intake nrn 
cedure is fundamentally tlie same as air-sucking 

7 When the superior esophageal sphincter is intubated with a Lennc 
tube to the lower esophagus the negative pressure of respirations can eastiv 
draw air in from a spirometer For five subjects the following aiera-’t 
amounts were so aspirated per minute normal quiet respirations— 39 5 a 
moderately deep respirations— 43 7 cc , deep respirations— 91 9 cc 

The esophageal speech patient with practice no longer needs to pl-'ce 
his finger over the tracheotomy opening to take air into the esophagus biii 
learns to “aspirate” or “inspire” the air with respiratory mo^ einents, as done 
by the above subjects 

From these observations the importance of the superior esophage.’ 
sphincter, and the effect of respiratory movements in the mechanism ot air 
entry into the upper gastro-intestinal tract, are apparent It is behe\ed th« 



Fig 1 — Air exchange with belching and air sucking With 
belching some air is retained, the aspiration figures m cubic 
centimeters on the left side being greater than the eructation 
figures on the right side When asked to suppress the eructa- 
tions and perform air-sucking for three efforts a total of 180 cc 
were aspirated A B was then unablg to hold the air and felt 
some discomfort A voluminous belch follow’ed 


many conditions, intra-abdommal and elsewhere, may originate reflexes 
changing the tone of the sphincter and varying respiratory movements uitJi 
resulting aspiration of air into the esophagus and stomach The grest 
diversity of diseases in which acute gastric dilatation has occurred* supp'd 
the opinion that a reflex phenomenon is involved In many instances it nui 
be discomfort, nen^ousness, and apprehension associated with the disea-c 0 
injury and its treatment, that starts the unconscious aspiration ot air 
To learn more about gas 111 the gastro-intestinal tract this paper pre.fflu 
studies on (i) belching, (2) sw'allownng movements, and the entrance e. 
air into the stomach during anesthesia and operations, (3) the rate 0^ 
passage of air through the gastro-intestinal tract and (4) meteonsm dunr. 
pyelography 

belching ^ 

Alvarez^ lists six different kinds of belches and points out that nii-b 
the individuals afflicted with more than the usual polite belcli after a 
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are nervous, worried, irritable, distracted and hyperactive people He has 
frequently seen the chronic belcher under the fluoroscope and notes that most 
of the air stays in the esophagus and does not descend into the stomach 
Frequent belching is a modification of air-sucking or aerophagy The 
individual who can repeatedly belch on request knows how to relax the supe- 
rior esophageal sphincter, does so, and then tries to breathe in with the 
glottis closed The air thus entering the esophagus is immediately belched 
back The subconscious or unintentional frequent belcher is invariably a 
nervous individual who does about the same thing, probably taking in the air 
by a less apparent respiratory effort 

It IS known that frequent belching often produces a sense of fulness in the 
epigastrium and probably is the source of considerable amounts of air 
entering the stomach Belching was therefore studied to obtain some 
quantitative data 


Table I — Snmmmy of Air Exchange with Belching 


Cc of Air 


No of Aspirated Eructated Retained 

Subject Belches Total Av Total Av Total Av 


1 

9 

815 

91 

760 

84 

145 

16 

2 

8 

235 

29 

200 

25 

35 

4 

3 

8 

710 

89 

405 

51 

305 

38 

4 

13 

580 

45 

470 

36 

no 

8 

S 

18 

740 

41 

335 

19 

405 

23 


(Frequent belchmg can result in the retention of considerable air With a patient lying 
down this can easily pass into the intestines and produce distention ) 


Method Normal young males who could belch at will were used in this 
experiment They performed the act -with the nose closed by a soft clamp and 
the mouth closed around a glass tube connected to a recording spirometei 
and kymograph 

Result It was easily demonstrated, as has been described before, that 
these voluntary belchers take in air by air-sucking and then immediately 
eruct the air Two distinct sounds can be heard wuth this process,^ the 
first wnth the air entering and the second as it is belched back “Cribbing” in 
horses is the same process,^”’ and Wylhe similarly described the two sounds 
A typical kymograph tracing (Fig i) shows that wuth belching the amount 
of air aspirated into the esophagus w'as greater than the amount of air 
eructated and some air probably passed into the stomach 

A summary for the five subjects of this experiment is shown in Table I 
The totals and average amounts of air aspirated, eructated and retained are 
quite impressive and, wuth the subject lying down, this air could easily pass 
into the intestines and produce distention 

Belching often comes on as a manifestation of nervousness, and Fig 2 
shows marked gastro-intestinal distention in a nenmus and apprehensive 
surgical patient who w^as repeated!} belching It is recalled that in previous 
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yeais it was not uncommon to ask a patient uith distention if he were passing 
gas rectally and to have him answer, '‘No, but I am belching up gas " With 
the data of this study it is realized that the belching may have been the 
process responsible for the distention 

AIR INGJiSTION DUKIKG ANESTHfcblA ASD OVKHATlORh 

In their study of postoperative distention Mclver, Benedict and CIiik’' 
considered the rather fiequent finding of gas m the stomach and stated that 
“It IS well known that a great deal of air may be swallowed during the earl) 
stages of anesthetization ” They observed 115, 67 and 54 swallowing ino\e- 



Fig 2 — Marked gastro-intestinal distention in a sur- 
gical patient from repeated belching There was consid- 
erable passage of flatus during the time of the distention 
When J S stopped belching by request the distention 
rapidly subsided 


ments in three patients undergoing etherization, but no measure w as nia e 
of the amount of gas taken into the stomach with these swallows On tie 
other hand Davis and Hansen“ determined the amount of air taken into the 
stomach during operations and concluded that much of it entered during t e 
induction of anesthesia, but no record was made of swallowing or ot ler 
possible modes of gas entrance 
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It was our impression that frequent swallowing did not take place during 
the course of an anesthetic and operation, yet occasionally the stomach dis- 
tended with air during that time To learn more about swallowing and to 
repeat Davis and Hansen’s work, a senes of 23 patients was studied 

Method A Levine tube was inserted into the cardiac end of the stomach 
from 60 to 90 minutes prior to the induction of anesthesia Continuous suc- 


Table II — Atr Ingestion During Anesthesia and Opciations 


Induction Period Operative Period 


Number 

Sex and Age 

Operative Procedure 

Time 

Min 

Swal- 

lows 

Gas 

Cc 

Time 

Mm 

Swal- 

lows 

Gas 

Cc 




Group A Spinal and Pentothal Anesthesia 





I 

r 

57 

Lysis abd adhes 

20 

0 

0 

‘ 74 

i 

100 

2 

P 

49 

Abd perm res 

20 

0 

0 

178 

0 

75 

3 

I 

73 

Abd perm res 

20 

0 

0 

136 

0 

120 

4 

F 

55 

Abd perm res 

10 

0 

0 

210 

0 

100 

S 

M 

61 

Amput thigh 

15 

0 

0 

55 

0 

30 

0 

r 

38 

Cliolecystect liver biopsy 

10 

0 

0 

78 

0 

so 

7 

M 

74 

Abd perm res 

22 

0 

0 

206 

0 

780 




Group B Inhalation Anesthesia 









NO- or CjHior CaH« + O- 

+ ether 






8 

M 

63 

Cholecystectomy 

8 

0 

0 

116 

0 

130 

9 

F 

62 

Cholecystectomy and appendectomv 

8 

2 

0 

90 

0 

70 

10 

M 

39 

Cholecystectomy and resection duod divert 

5 

3 

30 

135 

0 

0 

11 

r 

52 

Cholecy stectomy choledochostomv 

5 

3 

50 

86 

0 

25 

12 

r 

71 

Transverse colos 

4 

0 

0 

55 

0 

0 

13 

r 

54 

Choledochostomy 

10 

2 

50 

88 

0 

SO 




Group C Cyclopropane and Curare 





14 

r 

57 

Cholecy'stectomv choledochostomy 

6 

0 

0 

120 

0 

130 

IS 

M 

56 

Cholecystectomy 

4 

3 

0 

116 

0 

0 

16 

M 

62 

Cholecystectomy 

5 

0 

0 

86 

0 

0 

17 

M 

49 

Splenectomy 

7 

0 

0 

98 

0 

0 

18 

F 

47 

Cholecystectomy appendectomv 

6 

0 

0 

98 

0 

25 




Group D Cyclopropane and Curare 





19 

M 

39 

Gastroenterostomy Vagotomy 

9 

3 

75 

170 

0 

38s 

20 

F 

70 

Cholecy stectomy 

4 

2 

50 

60 

0 

825 

21 

r 

S7 

Cholecystectomy e\cl lipoma stomach 

4 

1 

10 

113 

0 

1600 

22 

r 

53 

Ventral hernia 

6 

0 

20 

177 

0 

1700 

23 

M 

30 

Partial gastric resection 

6 

5 

50 , 

204 

0 

250 


Werage 10 14 5 

I'or inlialation anestheijia 1 S 

Important Pindings 1 Swallow mg mo\cments were infrequent 2 Air intake high with obstructed 
respirations — case 7 3 Air intake high with curare plus positive pressure anesthesia 


tion was applied immediateh to empt) the stomach and was continued 
througliout the remainder of the preopeiative and operative period By 
measuring the amount of watei displaced in the iqiper bottle of the Wangen- 
steen suction appaiatus, the amount of gas returned from the stomach w'as 
tletermined The anesthetist’’' counted the swallowing movements during 

* This work was done with the assistance of Dr Marj Karp, Chairman of llie Dept 
of \ncsthesn Weslev Memorial Hospital, and will be reported later m detail with her 
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the induction of anesthesia by placing a finger over the patient’s larj'nx 
One of us ( J B ) recorded the amounts of gas returned, and the coincident 
actions of the patient, the surgeon and the anesthetist for the remainder of 
the procedure 

Results Of the 23 patients studied, all operations except one, No 5, 
were laparotomies The usual preoperative medication consisted of morphine 
sulfate 10 mgm and atrophme sulfate o 4 mgm 

From the summarized data shown in Table II it is evident that during 
the swift induction of a modern inhalation anesthetic there are very few 
swallowing movements, our average of i 5 per patient being far less than the 
79 average observed by Mclver, Benedict and Cline^ during the longer induc- 
tion of an ether anesthetic We believe these swallowing movements are 
largely manifestat;ons of nervousness and they did not result in appreciable 
amounts of gas entering the stomach 

During the operations only small amounts of gas entered the stomach of 
the majority of patients Excluding the exceptions, patient No 7 and all 
those of Group D which will be discussed further, our figures of o to 130 cc , 
average 53 cc , are less than, but not significantly different from, Davis and 
Hansen’s^^ average of 143 cc 

Patient No 7 of Group A had a 780 cc intake of air during the opera- 
tion, which we believe was due to his attempts to breathe against a closed 
glottis The observer noted that the jaw dropped occasionally during the 
operation and there was a snoring and partially obstructed respiration Air 
could thus not easily pass into the trachea, and the negative intra-esophageal 
pressure aspirated air downward to the stomach We have seen distention 
develop in other patients with an obstructed airway This factor, along with 
the more important one of decreased oxygenation and cyanosis, give great 
reason why the respiratorj’^ passages must be kept open 

It was noted by the observer that the ordinary manipulations of the 
viscera attendant upon an abdominal operation did not result in gas entering 
the stomach 

The patients of Group D were of special interest Their anesthetic was 
cyclopropane and curare, the same as Group C, but 250 to 1700 cc of gas 
were aspirated from their stomachs The D group had some intercostal 
paralysis following the injection of curare and slight positive pressure was 
used to augment respirations It was thought that the curare considerablj' 
relaxed the superior esophageal sphincter and this, plus the pressure anes- 
thesia, forced some gas into the stomach 

Anesthetists have long known that gastric dilatation is a common com- 
plication of positive pressure anesthesia and recently a warning was given 
to be ready to aspirate air from the stomach when curare is used 

The results of this experiment fit well with clinical experience At most 
laparotomies there is no troublesome distention of the stomach, but occasionally 
it IS observed by all surgeons, and it occurs -without swallowing Luckett,^^ 
in reporting a case in which acute distention occurred during surgical treat- 
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tated, "I could distinctly feel and hear large gulps of air entering 
nach, and hear a noise in the throat, yet the patient was not swallowing, 
the thyroid cartilage was apparently still and there was no visible 
in the throat ” 

remarkable case report was recently received^^ in which the patient 
ed” air into the esophagus with resulting distention and spontaneous 
ition of the stomach Roentgenograms of the consequent enormous 
operitoneum, and a brief description of the case, aie given in Fig 3 
can be no doubt that relaxation of the superior esophageal sphincter and 
itory aspiration of air blew this patient up 



'iG 3 — Enormous pneumoperitoneum following spontaneous rupture of a stomach 
idecl bv inspired air during a minor operation under sodium pentothal anesthesia 
G H , a woman, age 47 years, was admitted to the hospital on June 16, 1947, for 
val of a root fragment of the right first lower premolar tooth A chronic draining 
at that point necessitated the surgery History and physical examination and 
atory data were otherwise normal B P 134/78 Pre-operative medication was mor- 
sulfate gr 1/6 and atropine sulfate gr 1/150 The patient arrived in the operating 
1 in good condition B P 124/80 An intravenous sodium pentothal anesthesia using 
, per cent solution was started at 8 10 a m and a total of o 75 Gm were given 
jthesia to first plane appeared within 45 seconds At 8 13 a Guedel pharyngeal 
ay was inserted and a sibilant, hissing sound audible to all those in the operating 
n was emitted by the patient The sound resembled the hiss of an angered goose 
er than the high pitched, strained crowing of laryngo-spasm It persisted continuously. 
1 only minor variations in intensity and was completely inspiratory The anesthetist 
quite certain that the airway could not have slipped into the esophagus The 
thetic was otherwise uneventful , B P and pulse were normal At 8 i =; oxvgen at 
ters per minute was started through a small nasal catheter “Moderate” abdominal 
eiition was noted while draping the patient At 8 15 the operation was started and 
finished at 8 27 “Enormous” abdominal distention was noted when removing the 
pes The abdomen was Umpanitic and no intestinal sounds could be heard 
On return to the patient’s loom a Wangensteen tube w'as inserted, but no gas or fluid 
5 obtained B P w-as now' 90/60 At 10 00 a m a second passage of the Wangensteen 
e brought up a small amount of blood Scout roentgenograms of the abdomen revealed 
massive pneumoperitoneum The diagnosis of a perforation of the stomach w-as made 
1 tlic patient was returned to surgerv for a laparotomy When the abdomen was 
lied, air escaped under pressure with the sound of a tire being rapidly deflated The 
ntoncal cavity was free of fluid, blood or food particles The lower half of the stomach 
d duodenum w'ere nornnl to inspection The upper portion of the stomach was exposed 
d a 4 s cm longitiidmil rent was found about i cm anterior to the lesser curvature, 
e proximal end of the tear l>eing 2 5 cm below the cardio-esophageal junction This 
Mil edged tear w'as through nornnl stomach tissue It wms closed and the patient made 
I uneventful convaksccncc 


519 



MADDOCK, BELL AND TREMAINE 


\una!« o{ bursitj 
September lf>4M 

THE RAPID PASSAGE OF AIR THROUGH THE G ASTRO-INTESTINAL TR.A,CT 

Gastro-mtestinal gas that appeared quickly was disturbing to us at one time 
because the source as “swallowed air” was not readily apparent But yith 
a better understanding of air sucking, aerophagy, belching, the action of the 
superior esophageal sphincter, and negative esophageal pressures from 
inspiratory efforts, the possible mechanisms of the rapid flow of air dovn the 
esophagus became evident Fortunately, the rapid accumulations of gastric 
gas, rathei than the slow increments, offered the best chance of observing how 
and under what conditions it entered the esophagus In this regard mam 
comments have been made on the marked increase in intestinal gas fre- 
quently seen m the short time from the first to the last i oentgenogram of 
patients undergoing pyelography Many observers— radiologists, urologists, 
etc — accept the general impression that “swallowed air” is the source of this 
gas the same as m other flatuosities OppenKeimer^^ and Begg,^® however, 
offer diffei ent theories 

Oppenheimer^^ in 1940 noted that excessively large amounts of gastro- 
intestinal gas appealed during retrograde pyelography when this procedure 
produced pain, and this led him to study the relationship bet\veen pain and 
gaseous distention He found that in 82 instances of severe pain, such as 
with fractures of the extremities and spine, gonococcal arthritis, sciatica, 
lumbago, toothache, trigeminal neuralgia, herpes zoster and dislocations no 
gaseous distention was observed On the contrary, in numerous cases of 
renal colic, biliary colic, duodenal ulcer acute appendicitis and salpingitis 
the type of gaseous distention was identical with that found during retrograde 
pyelography In 14 of his patients with urinary disease intravenous pyelog- 
raphy was done wnth complete absence of pain, yet gaseous distention devel- 
oped Accordingly, Oppenheimer believed that pain in itself ivas not 
responsible for the appearance of gas in the bowel, but that some abdominal 
diseases may cause both pain and gaseous distention 

Oppenheimer observed roentgenographically in man that ureteral catheteri- 
zation and distention of the renal pelvis with fluid or oxygen was followed b) 
rapid overfilling of the stomach, small intestines and colon with gas, and 
stated that the large amounts seen within a few minutes could not possibh 
be due to abnoiiiial fermentation or diffusion from the blood stream To 
account for the source he offered the thesis that the small amount of gas 
always present in the intestines quickly expanded to fill the intestines wdien 
they became atonic due to inhibitory reflexes wdiich arise from renal or 
biliary colic, pyelograph} , etc 

This thesis is untenable because a given amount of gas cannot expand 
into a laiger space without a reduction in pressure and the soft intestinal tube 
and flexible abdominal wall will not be supported m reduced pressure Except 
for moments of active peristalsis intestinal gas pressure is close to atmospheric 

pressure . 

Begg^° in 1948, m writing on a rational theoiy of intestinal distention ami 

Its urological application, contended that gas pains and distention may be 
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completely obviated provided nothing whatevei is given by mouth or rectum 
during the inevitable postoperative non-penstaltic period He did not believe 
that distention was due to air swallowed during and after the operation for 
the following reasons (i) The theoiy is inapplicable to distention accom- 
panying spinal lesions, lightning stroke, lenal cclic anuria, etc , unless one is to 
suppose that the victims become suddenly addicts to aerophagy (2) It is 
incompatible with the observed fact that postoperative patients do not distend 
if given no fluid, no matter what air they may have swallowed He fuithei 
stated that if it were contended that the air w'as sw^allow^ed wuth the fluid, 
it w ould be hard to imagine that a single drink w ould initiate pi ogressive and 
inci easing distention as he has observed 

Thus, finding the swallow'ed air theory to be unsatisfactoiy, and the 
role of food fei mentation disproved, Begg consideied the only remaining pos- 
sibility to be gas derived from the blood, and nitrogen the important gas, it 
being available to the bowel by “intestinal lespiration” and absorbed if it is m 
excess The passage of mtiogen to the bow’el and back to the blood depends 
on the physical laws of diflfusion of gas, and Begg considered that any 
factor which, when the dynamic function is in abeyance, reduces the tonus, 
increases the potential capacity of the bowel lumen and peimits the inflow^ 
of gas He stated further that fluids and food leachmg the stomach during the 
postopei ative refractoiy period cause this organ to contract on its contents, 
leading to a reflex reduction in tone of the intestines which enables the blood 
gases to flow in to fill the inci eased space in the lumen He cited the marked 
increase in intestinal gas wdien an ureteial catheter is passed, and the quick 
influx of gas into the bowel follownng the injection of Uroselectan, as fuithei 
evidence of the theory of lapid diffusion of nitiogen into the bowel, given 
the lequisite conditions 

The authors believe that giving nothing by mouth to postoperative pa- 
tients reduces the possibility of gaseous distention, but ceitainly does not 
eliminate it entirely, and relative to Begg’s opinion that sw^allowed air can- 
not be the main souice of gasti o-intestinal gas unless “the victims become 
suddenly addicts to aerophagy” the evidence of this study show s that this is 
exactly wdiat may take place, if one uses the term aerophagy in a hi oad sense 
coveiing the esophageal ingestion of air wuthout sw'allowung 

The time element for the accumulation of large amounts of air in the 
stomach is known to be lapid in acute gastric dilatation,® air-sucking and 
aeiophagy The time element foi the almost immediate passage of gastric 
gas into the small intestine and its aiiival at the cecum and anus within a few 
minutes is not well knowm Usually gas is not thought of as passing along any 
fastei than food Actually it does, and this point was fiist studied by 
Magnusson 

In 1931 Magnusson was inteiested m meteoiism in pyelography He 
dismissed gas formation fiom intestinal decomposition and dififusion from 
the blood as jiossilile souices and believed that the mam bulk of the gas 
consisted of an that had passed down the esophagus, jnobabH by some 
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process of aerophagy or air-s\\ allowing Magnusson's important point was 
that to account for the rapid colonic meteonsm in pyelography the “shallowed 
air” must pass out of the stomach and through the small intestine in a very 
short space of time To confirm this impression he filled the colon of normal 
adult subjects with an opaque enema so that air coming into the cecum 
could be easily seen He then turned the subjects on tbeir left side to place 
the pylorus upward and injected air into their stomachs The progress ot 
the air was determined by frequent roentgenograms and the lesults are shown 
and compared with the passage of food in Fig 4 

It was considered that a further investigation of this rapid air passage 
should be carried out 

Method For these experiments young, male, medical students were 
used No purgatives or enemas were given and a normal breakfast Avas 
eaten about three hours before the experiment An initial scout film of the 
abdomen showed the existing amount of gastro-mtestinal-gas, and usually 
the stomach was found empty A 16 F Levme tube was then introduced 

through the nostril into the middle 
esophagus a distance of about 30 
cm , and was connected to a grad- 
uated spirometer by a tube having a 
one-way valve allowing gas to pass 
only in the direction of the esoph- 
agus The subjects then lay on the 
radiographic table on their back or 
side just as they wished In most 
subjects a 30 F mushroom catheter 
w'^as inserted into the rectum and 
flatus collected by means of a water 
displacement apparatus The spiro- 
meter was then filled wuth air, 100 
per cent oxygen for one experiment and on moderately deep respirations the 
negative pressure produced in the esophagus drew' an from the spirometer into 
the esophagus, from which it passed into the stomach 

Besides the initial roentgenograms,* others w^ere taken wdien 500 cc and 
1000 cc of air had been aspirated and at later intervals to show' the extent 
of the flatulence Careful recoids w'ere made of the symptoms of the subjects 
cramping abdominal pains if any, the degree of abdominal distention as 
measured at the umbilicus, the time of first passage of flatus, and the total 
amount passed 

Results The majority of subjects were allowed to aspirate 1000 cc of air 
which they did m about 30 minutes W H took in 1650 and 2000 cc in 
approximately the same time 

It IS suspected that more air may have entered the stomach of some sub- 

* This part of the study was done with the assistance of Dr Earl Barth, Assoc 
Prof of RadIolog^^ Northw’estern University, and ivill be reported later in detail with him 
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B- BARIUM DATA 

A. AIR DATA W MASNUSSON 

Fig 4 — Diagram showing the rapid pas- 
sage of air compared' to barium through the 
adult gastro-intestinal tract (W Mag- 
nusson’-’’ 



30 

3 


GASTRO-INTESTINAL GAS 



Fig 5 — Roentgenograms ihowing rapid passage of looo cc of ovygen (L S =) 
(A ) Before the passage of the Levine tube No gas in the stomacli or small intes- 
tine and only a small amount in the ascending and descending colon Ovygen aspir- 
ation, which seemed to be no different than air aspiration, ivas then started At i8 
min increased gas was seen in the cecum by a following roentgenogram (B ) At 
28 mm Shows the distribution and distention produced by 1000 cc of gas Eso- 
phageal tube had just been remoied Abdominal girth at umbilicus increased onh 
2 cm At 36 min the first flatus was passed (C ) At 53 min Considerable gaseous 
distention although 500 cc of flatus had been passed (D) A.t 1 10 min Less 
general distention but still some gas m the distal three-fourths of the colon Flatus 
passed 800 cc 
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Fig 6 — Roentgenograms showing rapid passage of 2000 cc of air (W H) 
(A ) Initial film showing only a small amount of gas in the cecum, descending colon 
and rectum (B ) At 17 min, 1000 cc of air had been aspirated The stomach and 
intestines are considerably dilated The first flatus had just been passed A pre\iou« 
film at 8 mm showed the air had reached the cecum (C ) At 37 min, 2000 cc of 
air in and flatus was being freelj’- passed (D ) At no min there is relatneh 
little of the gas left, flatus having been voluminously passed for 93 minutes 
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jects around the Levine tube, so that the amounts discussed are probably not 
entirely correct in all instances This will be pointed out later by specific 
examples 

The roentgenograms for a typical experiment are shown in Fig S This 
happens to he the subject in which oxygen was aspirated, but the lesults r\eic 
the same foi air Roentgenogi am B taken at 28 min , shows the ^\ idc general 
distribution and the distention produced by 1000 cc of gas Gas leached the 
cecum in 18 mm , flatus was first passed at 36 mm and 800 cc were col- 
lected m 74 mm Once started, the passage of flatus m this subject, as in 
others, was quite regular in time and amount, as would be expected b) 
rhythmical peristaltic action This is shown as follow's 


Time of Passage 
Minutes 
36 
40 
44 
47 
51 
56 
62 
70 
80 
90 
110 

74 


\mount of Flatus 
cc 
100 
100 
100 
100 
100 
100 
100 
50 
0 
25 
25 

800 


Fig 6 show's the distention and rapid passage of 2000 cc of aspirated 
air Roentgenogram B is a good example of the distribution and distention 
produced by 1000 cc Before 2000 cc w'ere ingested flatus w'as passing freely 
Fig 7 show's the result of administering prostigmine methyl sulfate The 
time for the gas to reach the cecum w'as no different than w'lthout prostigmine, 
and other subjects passed flatus just as rapidly Actually prostigmine did not 
clear the bow'el of gas It is true that more flatus was passed than the known 
amount of air aspirated, but at 125 mm there is considerable gas m the 
stomach and colon and some m the small intestine It is believed that the 
subject continued to aspirate an long after the Levine tube had been removed 
The same result w'as obtained w'lth this subject m a later similar experiment 
He W'as a stoical individual and little disturbed by what w'ent on around 
him The prostigmine may have disturbed the intestines and produced a 
reflex resulting m the esophageal aspiration of air It has been noted b) 
others- that an enema may be foUow'ed by the rapid accumulation of gas m 
the small intestine and colon The enema ma} quite possibly have disturbed 
the intestines and/or the patient 111 general w ith a resulting reflex aspiration 
of air The neivous factor is commonl} seen m gaseous distention 

The summary of the data. Table III, shows an average of 1133 cc of air 
aspirated from the spirometer b} the negative intra-esophageal pressures 
of moderately deep breathing m 30 4 minutes At 20 respirations per minute 
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Fig 7 — Roentgenograms showing effect of prostigraine on the passage of looo 
cc of air (V T (A ) Initial film, 6 min after the subcutaneous injection o 
o 25 mg of prostigmme methyl sulfate Small amount of gas seen scattered through 
out the stomach and bowel (.B ) At 25 mm , 400 cc of air aspirated and first Bat ’ 
just passed Intestinal distention appears too extensive for that amount J 
74 mm , 1000 cc of air in and 850 cc of flatus passed There is some ’ 
stomach and considerable in the intestines A second dose of 0 25 mg ot p 
mine was given when 1000 cc of flatus had been passed (D ) At 125 min ,113 
of flatus collected, which is 150 cc more than the amount of air ,„3]1 

spirometer There is still considerable gas in the stomach and colon, 
amount in the intestines More air must have been aspirated than came 00 
Levine tube 
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this IS roughly 2 cc per inspiration The average time of 14 6 minutes for the 
gas to reach the cecum compares fairly well with Magnusson’s average of 
10 minutes His method of checking this time by a retained barium enema is 
probably more accurate The objection may be raised that the enema might 
have increased intestinal peristalsis, but the Levine tube in the esophagus 
and the rectal tube might also have done the same thing To avoid this possible 
irritation it is suggested that a small amount of radioactive argon gas be added 
to air injected into the stomach and its time appearance at the cecum and rectum 
determined by a Geiger counter 

The average time for the appeal ance of flatus uas 241 minutes, which 
compares well with Magnusson’s average of 30 minutes and is tremendously 
fast compared to the barium average of 18 to 24 hours The average volume 
of flatus passed, 970 8 cc m 83 6 minutes, was very close to the average of 
r 133 cc of air aspirated 

This experiment corroborates Magnusson’s finding on the rapid passage 
of ingested an through the gastro-intestmal tract, and accounts for gas 


Table III — Suintnaiy of Data on the Rapid Passage of Air Through the 

Gastro-intestmal Tract 


Flatus 


Subject 
and Age 


Total 

Time 

Exp 

Mm 

A r Aspi- 
rated Into 
Esophagus 

Cc Min 

Approx 
Time to 
Cecum 
Mm. 

First 

App 

Mm 

Volume 

Passed 

Cc 

Time 

Passed 

Mm 

NC 

21 

25 

550 

08 


22 



WH(1) 

24 

35 

1650 

30 


24 



WH(2) 

24 

125 

2000 

37 

8 

17 



SC 

24 

64 

1000 

21 


17 

1025 

47 

RS 

29 

115 

1000 

33 

16 

25 

60Dt 

91 

LS(1) 

23 

165 

1000 

28 

15 

30 

600t 

135 

LS(2) 

23 

120 

*1000 

28 

18 

36 

800 

74 

VT(l)t 

28 

105 

1000 

60 

20 

25 

1150 

70 

VT(2)t 

28 

144 

1000 

29 

12 

19 

1450 

125 

Average 



1133 

30 4 

14 6 

24 1 

970 8 

83 6 


* 100 percent ovygen aspirated from spirometer instead of air 
to 25 mg of prostigmine methyl sulfate given subcutaneousb immediately before 
cKpenment began and after 1000 cc of flatus had been passed 
t Rectal tube clogged and flatus collection incomplete 


analyses showing the composition of intestinal gas to approximate with 
some leasonable modifications the composition of atmospheric air 

It IS felt that a further investigation of air passage should lie done when 
food or barium is taken at the same time Patients with ileostomies, cecos- 
tomies and colostomies could also be used as a check on the rapid passage 
of air The influence of prostigmme and other drugs should be studied further 

METEORISM DURING PYELOGRAPHY 

From the results of the pievious stud}’’ it is evident that gas seen roentgeno- 
graphically m the ileum and colon may have entered the esophagus lO to 20 
minutes previously, and its possible origin as external air should be remem- 
bered The authors considered the accumulation of gas in the intestines 
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duiing pyelography as an example of the aspiration and quick transit of 
external an through the upper ahmentaiy tract, and set out to prove the point 

The study of gastro-intestinal gas m patients undergoing intravenous 
or retiograde pyelography is a very appiopriate experiment in inanj ways 
The time penod is short, about an hour The inci eased amount of gas seen 
in many routine pyelographies is sufficient in amount to be measurable The 
patient undeigoes several possible uncomfoi table and strange proceduies 
which may be quite disturbing With letiogiade examination the urethra, 
bladder, ureters and renal pelvis aie stimulated, a piocedure often observed 
to be associated with and resulting in increased intestinal gas, even though 

there is no pain If one were to 
specify the conditions of the whole 
expeiiment they would be little dif- 
ferent than the routine of a pye- 
lography 

Method The patients on whom 
the study was conducted were pre- 
pared in the usual manner for a pye- 
lography * No bieakfast was al- 
lowed, and fluids were restricted for 
several hours befoie the retrograde, 
but not before the intravenous study 
A few minutes prior to the initial 
pyelogiam a Wangensteen tube was 
passed to the stomach and continu- 
ous suction started with water 
siphonage By water displacement 
in a graduated collecting system the 
total amount of gas aspirated could 
be learned and individual volumes 
down to o 25 cc determined The 
stomach was emptied of fluid and gas 
and the initial pyelogram made to 
determine the intestinal gas present 
at the onset The patients were 
asked not to swallow A careful rec- 
ord was then kept of the return of 
gas as related to the procedure of the 
pyelography, swallowung movements, complaints of the patient, changes m the 
rate and depth of respirations and any other emotional reaction The pyelo- 
grams were utilized to determine the effectiveness of the gastric suction in keep- 
ing the stomach free or air 

Residfs Fig 8 shows a typical respo nse in a nervous patient undergoing 

* This part of the study assisted by Dr Earl Barth, and Dr V J 0 Conor, Prof 
and Chairman of the Dept of Urology, Northwestern University Medical School 
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Fig 8 — Record of gastric gas aspirated 
during retrograde pyelography in a nervous 
patient, L M Note the sharply increased 
gaseous return when the right ureter was 
cathetenzed, methylene blue was injected 
intravenously and the right renal pelvis was 
injected with the radio-opaque fluid Respir- 
ations were increased in rate and depth at 
these times Even roentgenographic expos- 
ures elicited a response 



Volume 130 
Number 3 


GASTRO-INTESTINAL GAS 


retrograde pyelograpliy In 62 minutes a total of 412 cc of gas, roughly 
7 cc per minute, was aspirated fiom the stomach, and the process seemed 
definitely related to deeper and irregular respirations as ner\ous 1 espouses 
associated with the various proceduies done, such as the passage of the 
cystoscope, etc Of special mteiest was the fact that the stomach was kept 
empty of an and consequently theie was no mciease in intestinal gas from 
the initial to the final pyelogram This is shown m Fig 9 Theie is no evi- 
dence that the vaiious piocedures of the pyelogiaphy produced atony of the 
bowel and consequent expansion of gas already present, as suggested by 
Oppenheimer,^^ or rapid diffusion of nitrogen into the bow^el, as theorized by 
Begg 

A second typical lesult m a neivous patient undei going mtiavenous 
pyelography is showm m Fig 10 This man had a total of 1345 cc of gastric 
gas return m 64 minutes 01 loughly 20 cc pei minute, which is the laigest 


Fig 9 — Roentgenograms of patient, L M, who had 412 cc of gastric gas 
aspirated during the 62 minutes of the retrograde pyelographj No increase m 
intestinal gas from the initial “A” to the final “B” roentgenogram because the 
stomach was kept empt}”^ of air 

amount obtained from the group studied He swallo\ved infrequently, theie 
was no visible air-sucking, aerophagy or belching, yet a steady amount of air 
passed down the esophagus and was aspirated from the stomach during the 
disturbing period of the pyelography 

From the summarized data in Table 4 the followong comments are most 
pertinent 

The time period of study varied from 35 to 68 minutes and the volume 
of gastric gas aspirated from 45 to 1345 cc The age and the sex of the 
patients seemed to make no difference Outstanding was the fact that wdien 
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the stomach was kept empty of gas 'by good function of the gastric tube there 
was no inciease in the amount of intestinal gas from the initial to the final 
pyelogram If diffusion or fermentation were important sources of gas in 
these cases this would not be true The evidence is that gas seen in routine 
pyelograms comes from external air 

An analysis of the gas returned from patient J M undei going pyelography, 
and subject V T was as follows 


V T 

V T t 



COt 

Oi 

N 

J M (IV pyelography) 

1 70% 

19 53% 

78 80% 

V T * (Deep breathing) 

7 57% 

17 08% 

75 40% 

V T t (Air sucking) 

1 45% 

19 46% 

79 09% 

City air 

0 10% 

20 85% 

79 05% 


20 min deep breathing — 270 cc 
2 min air sucking — 700 cc 


J M ’s concentiations are quite close to that of atmospheric air and com- 
paie well with the sample from V T who took in air by deep breathing and 
an -sucking The higher values for caibon dioxides are possibly due to the 
known rather rapid diffusion of this gas into the stomach Further gas 
analyses are being planned in a continuation of these studies 


6ASTRI0 GAS ASPIRATED DURING IV PYELOGRAPHY 



Fig 10 — ^Record of the largest amount of 
gastric gas aspirated during a pyelography 
L S was a very nervous patient As noted 
for patient L M of Fig 8, the various stim- 
uli from the procedures earned out resulted 
in a marked increase in the depth and rate of 
respirations This was accompanied by the 
most rapid gas return, the amounts aspirated 
per deep breath or swallow being greatest 
with this patient, averaging close to 5 cc 
The discomfort from the lower abdominal 
pressure pad was the most disturbing factor 
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When the function of the gastric 
tube by the observation of M T was 
only fair (tvvo cases) or poor (five 
cases) there was an increase in gas- 
tro-intestinal gas from the initial to 
the final pyelogram This (shown in 
Table a) is indirect evidence that 
such gas comes from the outside, be- 
cause it was there through failure to 
keep the stomach empty 

An important observation was 
that three times as much gas re- 
turned from the nervous patients 
than from the calm ones, the aver- 
ages of Table 4 showing this dis- 
tinctly, with no material variation 
whether the patients were under- 
going intravenous or retrograde pye- 
lography This nervous factor is ap- 
parent in man}" observations on air 
entering the gastro-intestmal tract 
Small amounts of gas were aspirated 
from the calm patients under even 
normal respirations and more with 
their few episodes of deeper respuJ^' 
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Fig II — Roentgenograms of nervous patient, L S , who had 1345 cc of gastric 
gas aspirated during the 64 minutes of ^e intravenous pyelography (A) The 
initial film, just after the Levine tube had been inserted, shows a moderate amount 
of gas in the stomach and intestines (B ) Twenty minutes after the intravenous d3e 
injection, 460 cc of gas aspirated At least the stomach is empty (C ) Fifty min- 
utes after the dye injection, 1175 cc of gas aspirated Intestinal gas seems a little 
less than in A and B (D ) Sivty minutes after the dje injection a total of 1345 cc 
of gas had been aspirated Six minutes before this film was taken the gastric tube 
was removed and gas is now seen in the stomach The rapid ingestion of air is 
ev ident 
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tions The nervous patients weie much moie distressed, had longei periods of 
deeper breathing and consequent!}' took in much more air Two patients, 
E S and R J , were addicted to frequent unconscious swallowing This 
became pronounced during periods of distress and was likely responsible for 
much of the gas collected The otheis by request weie able to control the 
act of swallowing and in them this occurred too infrequently to account for 
any appreciable portion of the gas obtained 

The volume of gaseous return following a single swallow' varied from 
o 3 to 5 o cc , averaging from 2 to 3 cc Amounts of gas returned with one 
deep breath varied from o to 5 cc , averaging from i to 2 cc A lespiratori 
rate of 20 per minute gave plenty of opportunity to take in considerable air 


Table IV — Suiuinmy of Data on GasUic Gas 4spiiated front Patients 

Undergoing Pyelogiaphy 


Subject 

Sex and Age 

Reaction 

of 

Patient 

Intra^ 

Gastric 
Gas Aspir 

Estimation of G I 

Gas On Pyelogram 

1 unction 
Gnstne 

~I " 1 1 1 ^ A 

Mm Cc Initial 

lenous Procedure 

Final 

— 1 UDc 

JW 

M 

S3 

Calm 

61 

100 

Slight 

Shght 

Good 

SB 

F 

68 

Calm 

62 

105 

Slight 

Slight 

Good 

CB 

F 

44 

Calm 

52 

195 

Slight 

Shght 

Good 

JA 

M 

51 

Calm 

46 

45 

Slight 

Moderate 

Poor 

CS 

F 

42 

Calm 

61 

165 

Moderate 

Moderate 

Poor 

FS 

r 

66 

Nervous 

37 

165 

Slight 

Slight 

Good 

ME 

F 

53 

Nervous 

35 

195 

Slight 

Slight 

Good 

RL 

M 

IS 

Nervous 

44 

200 

Slight 

Slight 

Good 

LW 

F 

43 

Nervous 

41 

240 

Slight 

Slight 

Good 

LS 

M 

59 

Nervous 

64 

1345 

Shght 

Slight 

Good 

PR 

r 

66 

Nervous 

68 

280 

Moderate 

Moderate 

Fair 

RJ 

M 

23 

Nervous 

53 

415 

Moderate 

Moderate 

Fair 

RB 

F 

18 

Nervous 

48 

75 

Slight 

Moderate 

Poor 

ES 

F 

66 

Nervous 

50 

175 

Shght 

Moderate 

Poor 



Average 

Calm Group 

56 

122 






Aterage Nervous 









Group 

49 

343 







Retrograde Procedure 



DB 

r 

38 

Calm 

60 

55 

Slight 

Slight 

Good 

MR 

F 

47 

Calm 

56 

115 

Slight 

Slight 

Good 

WB 

F 

72 

Nerv ous 

40 

225 

Slight 

Slight 

Good 

LM 

F 

41 

Nervous 

62 

412 

Slight 

Slight 

Good 

PD 

r 

66 

Nervous 

45 

90 

Shght 

Moderate 

Poor 



Average 

Calm Group 

58 

85 






Average Nervous 









Group 

49 

242 





Important Findings 1 ApproMmately three times more air aspirated from the 
stomachs of ner\ ous patients than from the calm ones 2 When the stomach was kept 
free of air by continuous suction through the gastric tube there was no increase m 
intestinal gas from the initial to the final pyelogram 


SUMMARY 

There is nothing new in the idea that external air enters the esophagus 
under many conditions and is the major source of gastro-intestinal gas 
appears in the upper alimentary tract of infants within 15 minutes atfer 
birth^^ and the roentgenographic findings of air in the bow'el has been sug- 
gested as a test for extra-uterine hfe=® 
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Normally the superior esophageal sphincter keeps the esophagus closed 
With swallowing movements the sphincter relaxes and air enters wnth fluid 
and food In the upright position the air collects at the top of the stomach, 
and when more than the usual amount accumulates, as with a meal, it is 
belched up Alvarez^ remarked that hundreds of patients can be examined 
with the fluoroscope before finding one with enough air in the stomach to be 
w'orthy of special comment 

Excessive amounts of air may enter the stomach by frequent swallowing, 
and also by the followung methods wdiich are variations of the same procedui e 
The air-sucker can consciously lelax the superioi esophageal sphincter and 
by attempting to breathe against a closed glottis can inspiie or aspirate an into 
the esophagus, from w^hich it passes into the stomach The aerophagic is a 
nervous individual wdio unconsciously does the same thing and usually must 
be convinced of what he is doing to be cured of the habit The laryngec- 
tomized patient can learn esophageal speech with air aspirated into the 
esophagus by the same method as that of the air-suckei With skill his 
aspirations occui wnth almost normal inspirations and aie practically un- 
noticeable The repeated belchei takes air into the esophagus to belch wuth 
by the same method as the an -sucker, and some can say a few^ wmrds wuth the 
eiuctated air m the same manner as the esophageal speech patient 
This study has shown that appieciable volumes of air enter the stomach 
by repeated belching In the upright position the air is tiapped in the caidia 
and nothing more disturbing than further eructations lesult, but when l>ing 
m bed the air may pass on and cause tiouble A patient wnth maiked gastio- 
intestinal distention from repeated belching is reported 

Patients undei going anesthesia and operation were found to swallow^ 
infrequently, and little gas was aspirated from the stomach of the majoiity 
studied One patient hieathing against a partially obstructed airway took in 
a large amount of air duiing the operation This is essentially inspiring 
against a closed glottis, as done by the aii-suckei, and some relaxation of 
the superior esophageal sphinctei by the anesthetic probabl}'^ played a part 
Considerable gas was aspirated from the stomachs of five patients during an 
operation under cyclopropane anesthesia plus cuiaie Each w'^as considered 
to have a partial paral3’-sis of the respiratoiy muscles due to the curare and 
positive pressure anesthesia w^as used W^ith cuiaie the superioi esophageal 
sphinctei w’^as probabl}'^ w^ell relaxed and the positive piessuie forced gas 
into the stomach 

A rare case of massive, spontaneous pneumoperitoneum is reported 
This lesulted from peifoiation of the stomach wdiich became tiemendoush 
dilated duiing a mmoi operation under sodium pentothal anesthesia Those 

in the opeiatmg room heard the air entering the esophagus with each inspira- 
tion 

Air w'as found to pass very rapidW through the gastro-intestinal tract 
Volumes aspirated into the stomach of experimental subjects reached the 
cecum 111 an aveiage of 146 minutes and was passed as flatus in 30 minutes 
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Oxygen passed along m the same rapid manner It is evident that gas seen 
m the intestines on a roentgenogram may be largely atmospheric air which 
was aspirated esophageally a few minutes previously 

An excellent opportunity for studying rapid accumulations of intestinal 
gas was offered by patients undergoing pyelography By continuous gastric 
suction considerable volumes of air were aspirated from the stomach, and 
when It was kept empty no increase in intestinal gas occurred This is further 
evidence that external air is a major source of gastro-intestmal gas 

The nervous patients undergoing pyelography had three times as much air 
aspirated from their stomachs as the calm patients The nervous manifesta- 
tions were elicited mainly by intravenous injections, the passage of the 
cystoscope and ureteral catheters, the introduction of fluid into the renal 
pelves, and the discomfort of the lower abdominal pressure pad These stimuli 
resulted in increases in the depth of respiration, and the gas return was 
greatest during these periods A previous study of normal subjects showed 
that increased depth of respirations inci eased negative mtra-esophageal pres- 
sure, and consequently the rate of aspiration of air into the esophagus 
The finding that continues gastric suction prevented the meteonsm of 
pyelogiaphy is the same as continuous gastric suction preventing post- 
operative distention Under both conditions considerable volumes of atmos- 
pheric air must enter the esophagus and stomach We consider many patients 
thus become "temporary aerophagics," using the word in a broad sense 
Marked aerophagia is usually a readily apparent, nervous phenomenon, but 
it can be a less evident process such as used by the esophageal speech 
expert There is every reason to believe that patients under many conditions 
become temporary aerophagics and the stimulus may be entirely nervous with- 
out organic origin or be associated with an organic disease or injury and its 
treatment 
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Discussion — ^Dr Willis D Gatch, Indianapolis, Ind This fascinating work of 
Dr Haddock and his associates is of great clinical value The ingestion of air is a 
common cause of symptoms diagnosed as gallbladder disease, ulcer, appendicitis, etc 
A careful history will in most cases determine the diagnosis 

I have shown that extreme dilatation of the stomach of a dog will kill it m about 
two hours by asphyxia I have observed acute dilatation of the stomach occur suddenh 
m hysterical patients I remember two of these who would certainly have died had 
their stomachs not been deflated 

Air ingestion is, I think, an occasional cause of death under anesthesia 

I fully believe m what Dr Haddock has said about the mechanism by which 
air gets into the esophagus, but I believe another mechanism acts in some cases 
Perhaps Dr Haddock has discussed this in his paper submitted for publication 

I derived by inference the following ideas from an article by Sir Arthur Keith 
published in 1913 in the British Journal of Anatomy and Physiology’- This gives the 
best account I have ever found of the evolution of the diaphragm and its relation to 
the mammalian lungs In the reptiles the lungs are in the abdomen The great activity 
of which these creatures are capable proves that they must have a very efficient respira- 
tion such as could be carried on only by the continuous alternation of negative and 
positive pressure within the abdomen 

I believe that when the following events occur a negative intraabdominal pressure 
may be produced m man 

1 Contraction of the abdominal muscles 

2 Relaxation of the diaphragm (The abdomen and chest then become a single 
cavity as far as pressure is concerned ) 

3 Elevation of the ribs (Under these conditions this creates a negatne pressure 
in the abdomen ) 

4 Relaxation of the superior sphincter of the esophagus 

A great quantity of air can then rush into the stom ich Some men can \oluntarily 
perform these acts This explains, T think, the tuck of downing a bottle of beer at 
one gulp 
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Dr John Randolph Paine, Buffalo. N Y Gentlemen, I belle^e Dr Aladclock 
has shown us very well how in many of our patients troublesome accumulations of gas 
occur, yet to my mind why these patients get gas accumulation seems a little mysterious 

To say that it is on some type of a nervous or psychogenic basis does not entirelj 
satisfy me It might be that some of us have received the impression that ve need a 
psychiatrist to take care of the situation 

It would be nice, I think, if we could say beforehand that this patient will not 
be troubled with distention after operation, that this other patient will be so troubled, 
but I don t believe many or any of us can do that I say this because, despite the fact 
that a surgeon in a small midwestern city once said that the institution of gastric 
duodenal intubation had made a civilized business out of abdominal surgen, still the 
more or less routine institution of gastric duodenal aspiration is not certainlj all ve 
might like to have it Many of our patients complain of the discomfort of the tube 
and usually the highstrung, nervous patient who complains is the very one who needs 
it most 

I think it IS very evident that there are two elements here, one, a somewhat actne 
element in which the patient, by swallowing air or air sucking, actively forces air into 
his stomach, but there is another element, another more or less passive element, in 
which by the rhythmic change of pressure in the chest, with respiration, air is pulled 
into the esophagus to be passed on down into the stomach 

I think these studies can be followed further with a great deal of profit There 
would be two things I w'ould be particularly interested in One thing m wdiich I am 
interested is to note what, if any, effect theie is on accumulation of air in the gas- 
trointestinal tract from the ingestion of various types of food All of us know that 
certain types of food Iiother us more than other types 

Another thing is the question of why we don’t haie as much trouble as we iniglit 
think we would have in patients m whom the stomach has been more or less denervated 
and pulled up into the chest One w'ould think if air were aspirated into the esophagus 
it could be aspirated as w’ell into the stomach, and w'e should have a great deal of 
trouble w'lth patients after esophageal resections , yet in my experience, somew’hat 
limited, to be sure, trouble of this nature has not been very great 

However, some experiments in dogs leads me to think that occasionally this is a 
very serious problem At numerous times we have denervated the stomach freely from 
its attachment m the abdomen and pulled it into the chest Most of those dogs die 
w ithin two weeks , some of them die within tw'o or three days and some w ithin 24 
hours from an acute dilatation of the stomach I have seen one dog go as long as 
SIX weeks, be perfectly all right, and wuthin five minutes after apparentb being per- 
fectly all right, be dead At autopsy the chest was opened and the stomach was tre- 
mendously distended with gas 

These accumulations can occur from some mysterious cause, as far as I know, m 
a very short time 

Dr Walter G Maddock, Chicago I wish to thank Drs Gatch and Paine for 
their remarks They have long been interested m abdominal distention and their 
suggestions will be investigated 

We have planned considerablv more work on this problem We know that m 
allergy patients certain foods will cause rapid distention, and such a phenomenon 
offers an excellent opportunity to learn more of the mechanism of gas entrance nilo 
the upper gastro-intestmal tract We have been impressed by the nervous element ni 
many instances of gastro-mtestinal distention For instance, during pjelography the 
amount of gas taken in by the nervous patients was three times more than for the 
calm patients Surgeons have occasionally been able to predict a stormj postoperative 
course because a patient was extremely nervous and apprehensive, and therefore was 
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easily upset by the operation and subsequent care, was unable to void and developed 
marked gaseous distention, all leading to a poor convalescence 

In regard to the rapid passage of air through the gastro-intestinal tract we be- 
lieve the studies should be repeated when food or barium are taken at the same time 
as the air This may not be important clinically because many patients during the 
period of distention are eating lightly or not at all The effect of various drugs on 
the rapid passage of air should also be investigated I would like to add a radio- 
active gas as a marker for the passage of air through the alimentary canal Further 
information on the time of passage might be obtained, and m tune vith the times, 
all modern experiments employ a radio-active substance and a Geiger counter 

Dr Paine’s observations on patients whose stomach has been brought up into 
the chest and his work on dogs along this line are interesting Considering the possi- 
bilities of negative intra-gastnc pressure from thoracic respiratory movements these 
patients should certainly have some trouble Dr Richard Sweet’s observations are the 
same as Dr Paine’s in that during the immediate postoperative period there is often 
some distention, but this subsides in a few days’ time 

Dr Catch’s remarks about the men who can drink a bottle of beei without 
swallowing are pertinent because these individuals are examples of those who can 
loluntarily open the superior esophageal constrictor without swallowing I would like 
to call on one of my co-authors to come up here for a moment He can voluntariE 
relax the superior esophageal sphincter and will give a demonstration of air sucking 
and belching Notice how he moves the chin forw'ard as part of the process of re- 
laxing the sphincter Then by attempting to draw' in a breath against a closed glottis 
he is able to aspirate air into the esophagus, and a good belch follows 

I am sure the members of this organization have seen many instances of distention 
occurring with grunting or exaggerated respirations from a variety of causes We 
w'ell know that the effects of distention are serious and often are lethal It is fortunate 
that w'C have learned the value of continuous gastric suction and one cannot over- 
emphasize that our efforts should be directed tow'ards preventing distention rathei 
than having to treat it after it has occurred 


537 



SPHINCTER PRESERVING OPERATIONS FOR RECTAL 
CARCINOMA AS RELATED TO THE ANATOMY 
OF THE LYMPHATICS* 

R Russell Best, M D 

AND 

James B Blair, M D (By invitation) 

Omaha, NrimASKA 

FROM THE DEPARTMENTS OF SURGERY AND ANATO^^Y UNIVERSITV OF NEBRASKA COLLEGE OF MEDICINE 

All surgeons interested m the management of carcinoma of the rectum, 
rectosigmoid and lower sigmoid are mindful of a slowly changing trend from 
the radical abdominoperineal resection with complete extirpation of the sphinc- 
ter apparatus to a radical procedure with preservation of the sphincter 
mechanism This is a revival of the ambition of all the early surgeons who 
conservatively removed the malignant growth but saved the posterior stoma 
of the gastrointestinal tract with hopes of proper control of this orifice 
Because of our unending efforts to improve the management of disturbances 
of the human body, the pendulums of thought and action keep swinging, 
usually toward progress and better goals Occasionally something entirely 
new makes its appearance, but more frequently the new thought or mode of 
execution is an elaboration and popularization of material introduced by our 
predecessors Usually, with each revival, something constructive evolves , the 
pattern of management or treatment may change in entirety or only in part, 
or It may possibly retain the status quo 

Today we are fervently discussing all the aspects of the proper treatment 
of carcinoma of the rectal and rcctosigmoidal areas Some hesitate to return 
to a discussion of any operative procedure which entails an attempt to presence 
the sphincter mechanism because of the poor results experienced prior to the 
introduction of the popular radical abdominoperineal piocedure (so-called 
Miles operation) of the last 25 years However, we must not forget that some 
of the same forces which have worked to improve our results with this pro- 
cedure may also be of assistance in some slightly less radical procedure which 
does not destroy the controlling outlet of the lower intestinal tract 

Usually our discussions deal with the local anatomy of the tymphatics 
However, other factors must be considered when one discusses recurrence of 
malignant growths Carcinoma spreads by direct extension, by venous chan- 
nels, by the lymphatic channels and by transplantation, and all these avenues 
of spread should be kept in mind when considering recurrence of rectal car- 
cinoma following various operative procedures 

Our surgical principles for removal of malignant growths demand that we 
excise widely from the palpable tumor margins In carcinoma of the rectum, 
the intramural spread or extension downward in the rectal wall has been 

* Read before the American Surgical Association, St Louis, Mo, April 21, JQ40 

538 



Volume 130 
Vumber 3 


bPHlNLlEK PREbEKVING 


investigated frequently, and it is most unusual to land tumor cells 2^ cm 
(i inch) below the palpable tumor margin One is referred to the studies of 
McVay,^^ Gilchrist and David^^ and Coller, Kay and McIntyre^® Thus, if 
one transects the rectum 4 to 5 cm (i)4 to 2 inches) below the palpable 
tumor margin, there need be little fear of local recurrence from this factor 

The dissemination of cancer cells through the blood stream does occur, 
but references to this in the literature are relatively few Perhaps more 
emphasis should be placed on this potentiality In carcinoma of the rectum, 
the findings of inoperability and recurrence are most frequently coincident 
with the presence of malignant cells in the liver or in the general peritoneal 
cavity Again, not infrequently, we find a relatively small rectal lesion, or a 
large rectal lesion with no involvement of adjacent lymph nodes, and yet we 
discover diffuse metastatic nodules in the liver The route of vein invasion of 
small tributaries of the portal system and dissemination in the liver is cer- 
tainly more direct than the passage through lymph channels, the thoracic duct, 
and then into the general venous circulation Brown and Warren® found 
vein invasion in 61 per cent of 165 autopsies on patients with rectal carcinoma 
Grinnell,^'^ in a series of 75 fresh surgical specimens of carcinoma of the rectum, 
found the incidence of blood vessel invasion to be 36 per cent One cannot help 
but be impressed by those instances where there is no macroscopic or micro- 
scopic evidence of lymph node involvement and yet signs of early recurrence 
are ushered in by liver metastasis It is doubtful that removal of a sphinctei 
area which is a reasonable distance below the tumor margin would alter the 
percentage of recurrences if vein invasion is a factoi This danger would be 
centripetal 

Since so much has been written on spread of carcinoma through the lym- 
phatics, and such great emphasis has been placed on the radical excision of 
tissues above and lateral to the tumor and even on excision of the remaining 
anus and lectum to conform to the principles of the Miles piocedure in carci- 
noma of the rectum, a careful review and careful analysis of all the facts should 
be made The anatomy of the lymphatics has not changed but our concept of 
the mechanics or physiolog)^ may change There is no controversy about the 
zone of upward spread but the zones of downward and lateral spiead should 
be re-evaluated 

Unfortunatel) , little attention w'as given to the report of McVay^® in 1922 
on the involvement of lymph nodes in 100 cases of carcinoma of the rectum 
Although 47 had metastasis to lymph nodes, in only one case w as there involve- 
ment of a lymph node below”^ the low^er margin of the lesion, and this was at the 
1 cm distance Since then other reports on node niAohement below the low'er 
margin of a tumor have been made by Wood and Wilkie-^ in 1933, Westhuer^" 
m 1934, Gabriel, Dukes and Bussey’’’ in 1935, Gilchrist and David’^ in 1938 
Coller Kay and Mclntjre’® in 1940 GrmnelP" m 1942, and Glover and 
WauglW’ m 1944 In analyzing the reports on downward spread wc find onh 
fi\e ca^c'; f 8 per cent) of the total of 607 cases rcpoited m which there was 
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lyj 7 iph node involvement more than 2 cm below the low'er margin of the 
tumor (Table I) The significance of this low percentage as balanced against 
the number of patients in this group who actually died of recurrent cancer 
within the five year period cannot be denied In this latter group, an estimate 
of 200 or approximately 33% per cent would be conservative At this time, 
and from these figures, one cannot authoritatively debate that transection of 
the rectum 5 cm (2 inches) below the lower margin of the lesion following 
ladical excision above and lateral to the incision \vould have seriously altered 
the percentage of cures It is possible that actual experience may at some tune 
prove, because of factors unknown at this tune, that it is inoie feasible to 
remove the anorectal segment Such evidence is not available at this time undei 
modern surgical conditions and technic 


Table I — Collected Data oa Iiietdcitcc of L\ml>h Node Itivoh’ciiiciit Bcloiv Maigws of 

Malignant Lesions 





Cases « itli 

Cases Mitli 




Nodes 

Nodes 



Cases 

(1 to 2 cm 

(2 cm or more 

Vuthor 

\ ear 

Studied 

beloiv lesion) 

belou lesion) 

"MeVay 

1922 

100 

1 

0 

Wood and WilUe, 

1933 

100 

0 

0 

Westhuer 

1934 

74 

1 

0 

Gabriel Dukes and Bussej 

1935 

100 

2 

0 

Gilchrist and David 

1938 

25 

0 

2 

Collar Kay and MacIntyre 

1940 

33 

I 

0 

Grinnell 

1942 

75 

1 

0 

Glover and Waugh 

1944 

100 

6 

3 

Total cases 


607 

12 

5 

Percentage 



2 3 

82 


Lateral spread is a factoi which piobably is not so clearly understood 
because it is possible that our surgical specimens have not been excised widel} 
enough in this direction and thereby are not permitting a true analysis This 
must be particularly true in lesions of the mid- and lower rectum adjacent to the 
levator am structures Gilchrist and David^^ noted lateral spread 111 four of 
47 surgical specimens, or 8 5 per cent Coller, Kay and McIntyre^® found 
lateral spread in six of 53 surgical specimens, or i r 3 per cent Because of 
this lather vague understanding of the lymphatics of the levator am muscle 
and fascia and the lymphatics above and below the levator am muscle, a stud) 
of these structures was undertaken several years ago After prehmmar) 
experimentation ivith various substances to demonstrate lymphatic patterns^ 
the one w^e chose to use most frequently was India ink neutralized to pH / - 
with n/io hydrochloric acid suspended in an equal volume of isotonic saline 
A 2 cc syringe with a 27-gauge needle served as the instrument for injecting 
the dye material into the lymphatics The dye was injected slowly under cmi- 
stant minimal pressure and the quantity used never exceeded O 2 cc ^ 
given area of tissue The first studies were made m animals and final sti 
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were completed on 15 stillborn fetuses The details of the experiments aie 
being reported m a thesis on the subject ' 

After a careful review of previous studies on this subject and a careful 
analysis of our material, we have in out own minds crystallized the pattern foi 
the lymphatics of the anorectal area ivith particular reference to the anal canal 
and the rectum adjacent to the levator am muscle There is a lymphatic net- 
work in the perianal skin, including the low'er anal canal to the level of the 
mucocutaneous junction, and another lymphatic netwmrk in the remaining 
anorectal mucosa and rectal w^all stiuctures These lymphatic plexuses are 
drained by three groups of efferent channels identified as the inferior, middle 
and superior channels draining corresponding areas of the anorectal canal 
(Fig I) 

suP&aiOR 

EfrcwcHrs 


Fig I Fir 2 

Fig 1 — Diagram of the lympliatic pattern for tlie anus, rectum, and rectosig- 
moid region 

Fig 2 — A more detailed diagram of the I>mphatics of the mid and lower 
rectal region, tc , that segment of rectal wall adjacent to the leiator am muscles 

The inferior efferent channels dram the immediate perianal region and the 
anal canal to the level of the mucocutaneous line Frequently tw o or three small 
efteient lymphatic channels w'ere demonstrated on either side leading along 
the perineum or medial aspect of the thigh and emptying into the superficial 
inguinal lymph nodes From tins stud\ it would be interpreted that with an 
epithelioma m the perianal legion which did not involve the true anal canal 
lymphatic spread would occur only to the inguinal lymph nodes Treatment 
WMth radium would probabl) suffice, although radiation or inguinal lymph node 
dissection should be considered If the lesion is definitel} within the anal canal 
and below' the mucocutaneous line, similar management might be adequate, as 
oui studies did not reveal communicating channels between the inferior and 
middle groups of Ijmphatics at the le\el of the mucocutaneous line Howe\er, 
there is a possibihU that the cancer might spread In break-through from the 
inferior to the middle group of h mphatics anti then into the h niphatics on the 
undei or upper surface of the Icwator am muscles With tins possibility m 
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mind, a radical abdommo-perineal excision is indicated, with wide excision of 
the levator muscles and sacrifice of the sphincter mechanism 

The middle efferent channels dram the level at and above the mucocu- 
taneous juncture and to or above the level of tlie middle hemorrhoidal vessels, 
particularly that part of the rectum which is attached to or adjacent to the 
levator am muscles These middle efferent channels are divided into the indi- 
rect and direct channels The indirect channels ascend m the columns of 
Morgagni and continue upward into the lymphatic network of the upper rectal 
mucosa The direct channels perforate the wall of the rectal canal and travel 
111 three different directions ( i ) Those m Group I are rather inconstant , they 
correspond to the course of the inferior hemori hoidal vessels below the levator 
am muscle and traverse the ischiorectal fossa, terminating m nodes along the 
internal pudendal vessels and thence to the hypogastnc nodes along the internal 
iliac Lymphatic channels perforating the levator am muscle itself are practi- 
cally non-existent as evidenced by our injections In two instances, a single 
minute lymphatic channel pierced the levator muscle to apparently end in the 
hypogastric nodes (2) Group II channels correspond to the course of the 
middle hemorrhoidal vessels, draining the area of rectum attached to or 
adjacent to the levator am muscles These channels lead to the hypogastric 
glands along the internal iliac -vessels (3) Group III channels perforate the 
rectal wall, ascend along the rectal wall into the pararectal nodes and thence 
upward along the superior hemorrhoidal vessels (Fig 2) Carcinomatous 
lesions in the area of these middle efferent channels would include those lesions 
within approximately 10 cm (4 inches) of the external sphincter margin, and 
above the mucocutaneous line These lesions have good potentialities for 
lateral spread, but as previously stated Gilchrist and David^'^ reported only 
8 5 per cent and Coller, Kay and McIntyre^® reported only 1 1 3 per cent from 
a careful study of fresh surgical specimens 

Balancing the apparent potentialities for lateral spread and the relatively 
small percentage reported against the general acceptance that lesions of the 
lower rectum give the poorer prognosis, there should be some attempted 
explanation Dukes^^ has expressed the opinion that lesions in the mid-rectal 
region did less well than similar lesions elsewhere in the rectum because of the 
tendency of such lesions to grow laterally along the lymphatics accompanying 
the middle hemorrhoidal vessels Gilchrist and David^° in 1947 reported that 
the five year survival rate for low lying carcinoma of the rectum (below peri- 
toneal reflection) without evidence of gland involvement was 744 pei* cent, 
while the survival rate for lesions at or just above the peritoneal reflection was 
90 per cent Where nodal metastasis was present, the figures for similarly 
placed lesions were 37 5 per cent and 51 4 per cent Waugh and Kirklini® m 
1949, in a somewhat similar analysis of their cases, reveal a 70 5 PCc cent 
five year survival rate in patients where no gland involvement was present and 
the lesion was below the 10 cm (4 inch) level, and a 68 i per cent survival 
rate with lesions at or above the ii cm level Here, this difference is not 
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noticeable However, when node metastasis was present, the five year survival 
rate for patients with lesions below the lo cm level was only 24 per cent and 
with lesions at or above the 1 1 cm level, the figure was 33 3 per cent. The 
latter authors further analyzed the survival rate as related to the level of the 
lesion and revealed that the survival rate for the region between the 3 to 6 cm 
level was only 17 per cent if metastasis was present The lower five year 
survival rate for these lesions at the lower levels is further suggestive that in 
the area where the levator am muscles are most closely associated with the 
rectum, the problem of complete extirpation of the malignancy is more com- 
plicated 

The investigations of Gilchrist and David,^'* who studied fresh surgical 
specimens, clearing them by a modified Spalteholtz technic, were a most care- 
ful study, and there was a 62 per cent lymph node involvement m their cases 
Waugh and Kirkm^*^ studied old uncleared surgical specimens and there was 
only a 43 2 pei cent node involvement , quite possibly their five year survival 
rate m cases with metastasis would be a little higher if they had examined the 
specimens in the fresh state by the clearing technic as node structures are 
better identified In any event, their figures are of importance and are quite 
parallel There is a noticeably poorer prognosis m lesions where the rectum is 
attached or adjacent to the levator am muscles, and particularly when lymph 
node involvement has been demonstrated From these survival rate figures of 
other authors for patients with or without lymph node involvement m lesions 
located above the mucocutaneous line and below the 10 cm level, and from our 
experimental study of the lymphatics, it would seem that wuder extirpation of 
the levator am muscles, fascia and adjacent lymphatics is indicated This can- 
not be accomplished by an operation where the dissection, resection and anasto- 
mosis are accomplished from within the abdomen The proper procedure for 
lesions at these levels would appear to be that of abdominal dissection to assure 
sufficiently high extirpation, followed by posterior dissection and anastomosis 
to permit radical removal of the levator am and adjacent structures 

The superior efferent collecting trunks were showm to pass through the 
muscular coat of the upper rectum and rectosigmoid ai ea and extend backward 
and upw’^ard to reach the pararectal nodes and course upw'ard along the superior 
hemorrhoidal vessels (Fig 2) In carcinoma at this level (above 10 cm ) 
wdiere the lesion is not directly adjacent to the levator am structures, it would 
appear that transection of the rectum 3^2 to 5 cm (i^ to 2 inches) below’^ the 
lower margin of the tumor, wude excision laterally but not removing the levator 
structui es, and adequate high transection of the sigmoid to eradicate paracolic 
nodes, should suffice 

One of us (R R B ), over a period of ten years, and only in selected 
cases, has done a radical excision of carcinoma of the rectosigmoid region 
wuth immediate anastomosis of the colon to the rectal stump, and on occasion 
has anastomosed the ileum to the rectal stump® for carcinoma of the recto- 
sigmoid Beginning m 1946 in view of various publications on the subject 
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relative to the lymphatics, direct efforts have been made to preserve the sphinc- 
ter mechanism if at all feasible, in patients with carcinoma of the lower sig- 
moid, rectosigmoid or rectum Of course these sphincter presenung operations 
were done only when it w^as felt that a radical eradication of the disease was 
also being accomplished The modified pull-through operation of Hochenegg;, 
as advocated by Babcock^ and Bacon,^ was tried a few^ times, but our experi- 
ences were not satisfactor}^ 

Gradually, three different operative procedures were developed^'- and 
used where it seemed practicable to forego the radical abdomino-permeal exci- 
sion of Miles and to attempt to preserve the sphincter mechanism Opeiation I 
IS entirely an abdominal operation, wuth radical excision of the sigmoid, recto- 
sigmoid, and mid and upper rectum, for lesions at or above the lo cm (4 inch) 
level from the external margin of the anal canal, provided one is able to tran- 
sect the rectum at least 334 cm below' the low'er margin of the lesion and 
effect an end-to-end anastomosis In some of the earlier cases this operation 
included lesions 5 cm (2 inches) from the anal sphincter, but wnth further 
experience, study and analysis, we felt these low'er lesions should be attacked 
by a combined abdominal-penneal approach Opeiatwn II is the combined 
abdommal-penneal procednte in which the dissection and freeing of the upper 
zones of spread are done from within the abdomen Then the patient is turned 
onto the left side and further dissection and resection and the anastomosis are 
accomplished thrqugh a sacral inc;sion We now feel this operation is indi- 
cated m those lesions between the 5 cm (2 inch) and 10 cm (4 inch) levels 
One cannot excise the levator muscle, fascia and the lymphatics on their upper 
and low'er surfaces from within the abdomen , this is only accomplished through 
the^posterior incision Early m our investigative work on the lymphatics of the 
levator region, w e became conscious that tlie operation for low and mid-rectal 
carcinoma w'as inadequate when executed entirely from wuthm the abdomen 
and therefore we developed a technic for abdominal dissection, posterior resec- 
tion and anastomosis Also, we became more and more conscious that in the 
Miles operation of radical abdomino-permeal excision we were probably not 
being sufficiently radical m the excision of the levator muscles and adjacent 
structures m lesions below' the 10 cm level Opeiatwn III, perineal dissection, 
resection and anastomosis, is accomplished entirely through the posterior 
approach It is not a fundamentally sound operation for carcinoma of this 
area because one cannot adequately remove the zone of upward spread How - 
ever, it may be the operation of choice in some poor risk patients when the 
entire lesion is palpable per rectum (i e the upper level can be definiteh 
determined), and in some other unusual circumstances The lower margin of 
the tumor should be at least 2^4 cm (i inch) above the upper margin of the 
muscular anal canal This operation is similar to the Lockhart-Mummen 
procedure, except that the anus is not removed and an anastomosis is 

accomplished 
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The last cause for recurrence of carcinoma in this region, as mentioned 
earlier in this paper, deserves some consideration Carcinoma by transplant, 
either independently or as a factor m the operative procedure, must occur 
more frequently than is mentioned m the literature That this complication 
occurs in the line of incision for breast carcinoma and in some abdominal 
incisions is well known Recently, Chase^ emphasized that in operations for 
cancer of the breast, the carcinoma cells can frequently be found in stained 
smears made from gloves or instruments or centrifuged sediment from hand 
basins The same must hold true when we divide any segment of the gastro- 
intestinal tract The recovery of malignant cells in this type of study would 
only be the application of the Papanicolaou principle for diagnosing malignancy 
m body secretions This brings up the question of how long these detached 
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Fig 3 — Microscopic section through tumor area in a 
patient with recurrent carcinoma of the rectum 

1 Normal mucosa was present 

2 The muscular la\er of rectal wall was normal 

3 An cxtrarectal tumor mass of carcinoma was present 


carcinoma cells survive One of us (R R B ) has had the opportunit}^ to do 
an abdonuno-peuneal resection in one of our patients where recurrence had 
followed 1 ectosigmoidectomy wuth anastomosis 13 months pieviously In this 
patient, a mass developed m the hollotv of the sacrum and, by palpation and 
visualization, the mucous membrane of the rectum appeared intact A radical 
Allies operation was earned out the fresh specimen was closely examined 
microscopically and macroscopicalK and it was definiteh established that the 
recurrence W'as a transplant growing between the sacrum and the rectal wall 
3) 3 second case where recurrence was found, the mucosa at the 
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site of recurrence appeared normal, but at re-operation the lesion proved to 
be non-resectable and there was no final opportunity to prove or disprove the 
transplant phenomenon The question of transplants in this area is of con- 
siderable concern to us and it is being further investigated 

In a senes of 51 consecutive cases where preservation of the sphincter 
mechanism was given serious consideration, 3'-et radical eradication of the 
malignancy was kept foremost in mind, we operated upon 44 patients, an 

Table II — Carcinoma of Rectum and Rectosigmoid, Analysis of 51 Consecutive Cases 

Cases Operated* Resected* Anastomosist Abd pennealt 

Number 51 44 38 29 9 

Pei'cent 86 2% 74 S% 76 3% 23 6% 

* Per cent of total cases seen t Per cent of resectable cases 
Note The percentage of anastomoses m resectable cases has decreased (88% of first 
33 cases reported 83 4% of first 40 cases reported 76 3% of first 51 cases reported) 

The remaining resectable cases were treated by abd perineal resection 


operability rate of 862 per cent Thirty-eight (745 per cent) of these were 
resectable In 29 patients, or 76 3 per cent of those resectable, a sphincter 
preserving operation was accomplished by one of the procedures we have 
elected to call Operations I, II and III In nine cases (23 6 per cent), because 
of the low location of the lesion or some other factor, abdomino-penneal 
resection was done with sacrifice of the sphincter apparatus In other words, 
we preserved the sphincter mechanism in 29 of the 38 resectable lesions 
(Table II) Among the resectable cases, there were two deaths, a mortality 


Table III — Carcinoma of Rectum and Rectosigmoid, Mortality in 51 Consecutive Cases 



Cases 

Operated 

Resected 

Anastomosis 

Abd perineal 

Number 

51 

44 

38 

29 

9 

Per cent 


86 2% 

74 5% 

76 3% 

23 6% 

Deaths 


4* 

2 

2 

0 

Per cent 


9 0% 

5 2% 

6 8% 

0% 


* Two of these deaths tollowed colostomies 


rate of 5 2 per cent for the 38 cases These two deaths occurred m the group 
of 29 cases where an anastomosis was accomplished, giving a mortality rate 
of 6 8 per cent for rectosigmoidectomy with anastomosis There were no deaths 
among the nine cases of abdomino-penneal resection (Table III) 

At the present time, we have data on recurrences in three patients— one 
who has died and two who were re-operated I have had the good fortune to 
re-examine and re-operate on these two patients In one, the lesion was found 
to be so infiltrative throughout the pelvis that only a colostomy was done In 
the other patient, an abdomino-penneal resection was accomplished 

Although time and further experience may prove some inadequacies of 
these sphincter preserving operations, one cannot help but be impressed by the 
probabilities of diagnosing recurrences in the pelvis far earlier than uhen t e 
abdomino-penneal resection has been done One is unable to examine a e 
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Fig 4 — Anterior dissection, resection and anastomosis (A) Special clamps^ 
applied below the tumor mass permit transection at least one inch below the tumor 
margin Catheter suction introduced into lower segment between clamps removes 
contents (B ) Short nosed lower clamps removed and replaced by guy sutures to 
steady lower segment Five long posterior catgut guide sutures inserted to direct 
correct apposition of posterior walls , knots w'lll be on mucosal side 
** By V Mueller Company, Chicago, Illinois 



A B 

Fig 5 — Anterior dissection, resection and anastomosis (A ) The fi%e 
posterior guide and nncrsion sutures hare been tied One similar miersion catgut 
suture is placed on the anterior wall, knot on mucosal side (B ) The anastomo'sis 
is completed with a lajcr of figure of eight silk sutures on anterior and lateral 
walls and insofar as possible on the posterior wall A penrose dram is placed in the 
hollow of the sacrum, peritoneum of pchic floor is sutured o\er the drain and 
around the rectum \ Gibson t\pc cccostomj is accomplished and after closure of 
abdomen, the patient is turned on the left side and the dram deluered posteriorh 
through a small incision aloncside the cocc\x 
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quately the site of the original lesion following the Miles procedure, but with 
an anastomosis, the digital and proctoscopic examinations are still possible and 
symptoms are expressed In the one case where we did an abdomino-penneal 
resection 13 months following rectosigmoidectomy with anastomosis, the 
patient is well and active six months postoperatively 

There has not been a sufficient number of cases leported by a sufficient 
number of surgeons to permit definite conclusions from comparison of five year 
survival rates of patients who have been treated by radical abdomino-penneal 
excision and sacrifice of the sphincter, and of those who have had radical 



Fig 6 — ^Anterior dissection with posterior resection and anastomosis 
(A ) Through an abdominal incision, pelvic structures have been dissected and 
freed The tumor mass which has been freed is replaced in the hollow of the 
sacrum and the pelvic floor peritoneum sutured around the rectum loosely enough 
to permit drawing the sigmoid downward through the posterior incision A Gibson 
type cecostomy is accomplished and the abdomen closed (B ) With the patient on 
his left side, an incision has been made along the coccyx and sacrum, coccyx is 
removed, wide dissection of levator am structures is accomplished, and the rectum 
and sigmoid delivered and resected 


rectosigmoidectomy, anastomosis and preservation of the sphincter mechanism 
This IS particularly true when the lesion is below the rectosigmoid In 1948, 
Dixon^^ reported to this Association on his experiences with anterior resection 
and anastomosis m selected cases The greater percentage of these patients 
had lesions at the rectosigmoid and upper rectum, although some with lesions 
between the 6 and 10 cm levels were reported Of 272 patients, he reported a 
67 7 per cent five year survival rate Then Waugh^® in early i^ 49 > ^ psp^J" 

discussing the importance of the level of the lesion in the prognosis for carci- 
noma of the rectum and low sigmoid, reported the five year survival rates of 
patients having adenocarcinoma of the rectum and low sigmoid colon treated 
by combined abdomino-penneal resection In this report on 262 cases operated 
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between 1931 and 1940 inclusive by different surgeons of the Mayo Clinic, the 
five year survival rate was 52 4 per cent These lesions were above the 6 cm 
level, similar to those reported by Dixon, This is most difficult for those sur- 
geons who are strong advocates of the Miles piocedure in all cases of rectal 
carcinoma to appreciate, or for the surgeon who believes the sphincter pre- 
serving operation is only indicated in selected cases, because the five year 
survival rate is better m the group where a sphincter preserving procedure ivas 
accomplished These figures of 67 7 per cent and 52 4 per cent represent the 
general five year survival rate for patients with and without nodal involvement 



Fig 7 — Anterior dissection with posterior resection and anastomosis (A) 
Traction sutures of catgut are placed at both angles of the anastomosis in such a 
manner that knots will be on the mucosal wall A layer of interrupted catgut 
sutures is inserted on the anterior wall with knots on the mucosal side, inverting 
the margin of anastomosis All of these sutures arc inserted before any of them 
are tied (B ) Several similar sutures, with knots on mucosal side, are inserted 
on the posterior wall The anastomosis is completed by inserting a layer of figure 
of eight silk sutures on the posterior wall, lateral walls, and insofar as possible on 
the anterior wall The incision is closed and a penrose drain is placed in the hollow 
of the sacrum and brought out at upper angle of incision 


It IS also difficult for us to understand, after a detailed study of the anatomy 
of the lymphatics and the relation of these lymphatics and the levator am struc- 
tures to the rectal Avail How evei , if our analysis of these reports is correct, 
and granting unaAmidable percentage error either w^ay. the figures arc sig- 
nificant and encouraging to those of us who believe in sphincter preserMng 
operations in selected cases Bacon - w ith the modified Hochenegg or pull 
through operation, reports a 526 per cent incidence of fiAC a ear cures The 
accepted five a ear sun-ival rate is prohabh between 50 and per cent 

Some aspects of the technic arc depicted m the accompam mg illustrations 
and in prcAious reports'^ ' ImproAements m technic haAc been made and 
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complications have gradually decreased Drainage as a result of leakage at 
the site of anastomosis has occurred in about 50 per cent of the cases but m 
only one case did it persist for more than a few weeks This followed Oper- 
ation III and the patient died about six months after operation from recurrent 
carcinoma We have almost routinely established a cecostomy as a decom- 
pressive measure It is certainly more comfortable foi the patient tlian naso- 
gastric or nasointestinal suction, and is much moie efficient when leakage 
occurs at the suture line Also, we almost routinely dram the hollow of the 
sacrum by bringing a small dram out alongside the coccyx 01 sacrum 

It IS our opinion that rectosigmoidectomy with anastomosis is a more satis- 
factory procedure than the pull-through operation In our limited experience 
and observation with the pull-through operation, sphincter control has not been 
adequate, and the posterior leakage or incontinence is far worse than a colos- 
tomy Also, It IS oui impression that the technic does not enable one to remove 
adequately the levator muscle and fascia and the adjacent lymphatics In fact, 
we are now of the opinion that our Operation I — rectosigmoidectomy with 
anastomosis by abdominal dissection, resection and anastomosis — should not 
be used when the lov ei margin of the lesion is less than 10 cm from the 
external anal margin Of couise lower anastomoses are possible and we have 
done them within 5 cm of the anal margin, but at present we are doubtful of 
their feasibility When the lesion is at or below the 10 cm level, or when we 
believe it is adjacent to the levator am structures, we advocate Operation II 
— rectosigmoidectomy with anastomosis by abdominal dissection with posterior 
resection and anal anastomosis — as this procedure enables one to remove the 
levator am and adjacent structures 

SUMMART 

1 Sphincter preserving operations for carcinoma of the rectum ment 
further study and re-evaluation 

2 The recurrence of carcinoma of the lectum is dependent upon, and the 
result of, all modes of spiead of carcinoma, 7 e , by direct extension, by venous 
channels, by lymphatic channels, and by transplant All these factors have been 
discussed and more emphasis should be placed upon all of them 

3 In a collected series of 607 cases, only 5 patients ( 8 per cent) had lymph 
node involvement more than 2 cm below the lower margin of the tumor, yet it 
IS estimated that 200, or approximately 331/3 per cent, of these patients died 
from recurrent carcinoma Some factors other than node involvement below the 
tumor margin must be considered 

4 After experimental studies by injecting dye into the lymphatics of the 
perianal, anal and rectal regions, a practical classification of these lymphatics 
was made This classification and the relationship between these lymphatics 
and the levator am muscles and rectal wall have been discussed 

5 Patients ivith lesions below the 10 cm level do not have as good a 
survival rate folloiving radical abdommal-permeal excision as patients with 
lesions at a higher level Wider excision of structures laterally to include the 

550 



Volume 130 
Number 3 


SPHINCTER PRESERVING 


levator am muscles, fascia and lymphatics is emphasized, %vhen the carcinoma 
IS located in the region of attachment, or adjacent to the levator am structures 

6 Three sphincter preserving operations are presented for malignancy of 
the rectosigmoid and rectum Opemtion I — ^abdominal dissection, resection and 
anastomosis, Operation II — abdominal dissection, posteiior resection and 
anastomosis , Operation III — posterior dissection, resection and anastomosis 

7 Operation II — abdominal dissection, posterioi resection and anastomosis 
— is recommended for all lesions below the lo cm level, as it permits radical 
excision of the levator structures 

8 For lesions involving the perianal skm and not the true anal canal, 
radium treatment, with or without radiation or dissection of the inguinal 
lymphatics, would seem to suffice from our studies Malignant lesions within 
the anal canal should be extirpated by the radical abdommo-permeal resection 

9 The final conclusions on recurrence cannot be reached until a relatively 
large group of surgeons report on a sufficient number of cases, but the few 
reports being made on the five year survival rates are encouraging 

10 In patients who have had sphincter preserving operations, there is a 
better opportunity to examine and detect recurrence of cancer m the pelvis 
Abdommo-permeal resection can then be done and the patient given another 
opportunity to survive the disease 

11 In our recent series of 51 consecutive cases of rectal carcinoma, there 
was an operability rate of 86 2 per cent and a resectability rate of 74 5 per 
cent In patients with resectable lesions, a sphincter preserving operation was 
accomplished m 76 3 per cent and the abdommo-permeal resection with sacri- 
fice of the sphincter mechanism was done m 23 6 per cent 

12 The operation should be fitted to the location and level of the disease 
rather than the surgeon fitting the disease to his choice of operation 
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Discussion — Dr Vernon C David, Chicago There has been an increasing number 
of suggestions made for local operations of low-lying carcinoma of the rectum and for 
preserving the sphincters All efforts to improve on the surgical treatment of cancer in 
the rectum, of course, are highly commendable, providing the patient’s chances for long- 
term survival are not jeopardized 

At the present time our own figures show that long-term survival m low-lying 
cancer of the rectum is greatly lessened by more frequent local recurrences than in 
the group within the peritoneal cavity This is true in spite of the most radical op- 
erations we have been capable of carrying out 

What are some of the reasons for this^ Below the peritoneal reflection the rectum 
IS enclosed by fascia and muscle attachments which bring the bowel in close continuity 
to the base of the bladder and soft parts, vagina, prostate, posterior urethra and so on 
Widespread resections of these structures are not feasible, and while portions of 
these structures are not infrequently removed (almost 20 per cent of our own 
patients had some portion of these organs removed), the tumor very frequently pene- 
trates the bowel wall, and it is obvious that danger of local recurrence exists 

In addition, new patterns of lymphatic spread are present, some of which are not 
removable This is true particularly of the vagina and levator muscles It is un- 
doubtedly true that it is difficult to inject some of the lymphatic pathways traversing 
the levator muscles, but it has been our experience that they exist I have at present 
m the hospital a patient whose carcinoma of the rectum had definite lymphatic node 
involvement in the levator muscles at least three inches away from the tumor 

In my judgment this adds up to the necessity of performing the most widespread 
removal of soft parts possible in lowlymg carcinoma of the rectum The technical 
ability to do an end-to-end anastomosis deep in the pelvis or preservation 
continuity of the bowel, no matter how desirable, should always be considered secondary 
to permanency of cure of the patient 


552 



Volume 130 
^umtJer 3 


SPHINCTER PRESERVING 


It also seems to me that advocacy of limited operation for cancer of the rectum 
should be accompanied, in the last analysis, by a declaration of the resectability rate, 
which IS a very important thing, the mortality rate, the five-year-plus cure of the 
patient, the estimation of the malignancy of the tumor based on Broder’s, Dukes’ 
and our own criterion of lymph node involvement, and the definite statement as to 
whether the patients were a selected group or comprised unselected material 

It IS only by some such standardization that we believe the truth which we all 
so earnestly seek shall be known 

Dr Thomas E Jones, Cleveland, Ohio Dr Best’s experiments were on animals 
Mine have been on humans I have a report to make today on ten-year survival rates 
which might be of interest 

(Slide) In 1938 and 1939 we did 102 abdominoperineal resections for carcinoma 
of the rectum Each specimen was subjected to minute pathological examination after 
the method of Drs Dukes, Coller, David and Gilchrist with which you are all familiar 

We have a complete follow-up on 96 cases as demonstrated in these slides Since 
they were completed we have a follow-up on three more cases so we know exactly what 
has happened to 99 per cent of this series The figures referred to later include 
everybody as having died from cancer Four cases with liver invoKement at the time 
of operation were not excluded 

(Slide) This is an important slide For purposes of information we arbitrarily 
divided the group into cases that had o to 5 nodes involved and those w'ho had more 
than five nodes involved and you can see the difference in the survival rate There 
were 78 cases with less than five nodes involved At the end of five jears, 44 out of 73 
were alive — 60 per cent At the end of ten years, 14 out of 28, or 50 per cent were alive 

(Slide) However, in the cases that had more than five nodes involved (24 cases 
m this group), you will notice a marked difference In 22 cases only five are alive, or 
22 per cent Twenty per cent were alive at the end of nine years and ii per cent 
at the end of ten years You will see then a tremendous drop from 60 per cent m the 

first group to 20 per cent m the second group This is, of course, a plea for earlier 

diagnosis 

Now, let us look at a group in which there was venous involvement In this group 
venous involvement was demonstrated in 10 per cent of the cases However, if more 

Uieticulous examination were made with special stains, I feel that probably 20 or 25 

per cent would show venous involvement 

(Slide) In the 92 cases without venous involvement, the percentage of survival 
parallels the group with less than five nodes involved — viz , 60 per cent S-year and 
So per cent 10-year survivals 

(Slide) However, with venous invasion you will again notice a distinct drop 
There were ten cases in this group Three were alive at the end of five years, or 30 
per cent, as against 60 per cent in cases without venous involvement The 30 per cent 
survival rate in this group remained the same for the ten-year period 

(Slide) This final slide shows the over-all statistics 
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I show these slides merely to point out that if these are the best results ue can 
obtain with the most extensive operation, I do not see much use in fiddling around vith 
smaller or so-called sphincter-saving procedures 


De Claude F Dixon, Rochester, Minn My remarks will be limited to the treat- 
ment of cancerous lesions which occur in the lower half of the rectum 

First, I think that we are in agreement that the results vhich follow the surgical 
removal of cancerous lesions affecting the colon and the rectum are less satisfactorj 
when the lesions occur in the most distal segments of the large intestine 

It IS understandable why some of us have been eager to attempt to maintain the 
sphincter and normal bowel control on removal of the lower part of the rectum by 
means of the method of Hochenegg A small pedunculated or sessile carcinoma of the 
lower portion of the rectum doubtless may occasionally be cured by a surgical pro- 
cedure other than radical resection with establishment of some type of abnormal or 
artificial anus The fact remains, however, that the majority of cancerous lesions of 
the lower half of the rectum are not small lesions and they spread centrifugally as well 
as proximally by means of the lymph and blood stream and by direct extension 

For several years I have been of the opinion that the surgical removal of cancerous 
lesions, situated low in the rectum, requires an even more radical operation than the 
Miles procedure, for involved lymph nodes may be found in the pelvic fascia and levator 
am muscles at a distance of 2 to 3 inches (5 to 75 cm ) from the lesion m the bowel 
For this reason, in a large series of patients suffering from cancer in the loiver part 
of the rectum, I have carried out a two-stage combined abdominoperineal resection 
The abdomen is explored through a low left rectus incision If the abdomen is found 
to be free of metastatic processes, the bowel is divided in the distal portion of the 
descending colon and the proximal end is brought out through the abdominal wall m 
the left lower quadrant by means of a stab wound, muscle-splittmg type of incision 
Next the posterior parietal peritoneum is opened, the superior hemorrhoidal vessels 
are ligated and severed, and then the first portion of the sigmoid colon with its 
mesentery is removed The bowel is now divided in the region of the midsigmoid, the 
proximal end of the remaining segment is inverted and allowed to remain free m the 
upper portion of the pelvis, the small defect or the incised posterior parietal peritoneum 
IS repaired, and the abdomen is closed in the usual manner Later (in ten to 12 
days) a radical perineal operation is carried out, at \vhich time portions of the gluteal 
muscles, the levator muscles and pelvic fascia are removed The peritoneum is opened 
and the rectum and remaining segment of sigmoid and mesosigmoid are removed Then 
the peritoneum is closed, and the wound is packed with four yards (about 366 cm ) 
of gauze four inches wide (10 cm ) which is removed on the fourth postoperatu e daj 
This procedure is carried out with the patient in the reverse Trendelenberg position 
and IS, I believe, radical in the region of the growth which to me seems to be indicated 
My personal experience with the pull-through operation is that it frequentlj fails 
because of local recurrence of the lesion or because the mechanism of the involuntary 
sphincter (internal sphincter) is destroyed Finally, I think it ivell to keep m mind that 
the meticulous work of David and Gilchrist, and of Coller and his associates has 
demonstrated that, in cases of rectal cancer, involved lymph nodes may easily be over- 
looked Therefore, as a rule, I think that some type of radical operation is the operation 
of choice in the surgical management of cancer of the lower portion of the rectum 


Dr R Kennedy Gilchrist, Evanston, 111 Gentlemen, I think one of the trou es 
lere is what the different surgeons mean by a "radical” operation, secondly, where is 
his cancer that they are discussing? 

It IS very interesting to go through the pathological material remoied by men 
vho L traTny un^^^^ Ich the same auspices m one single institution, and to 

Z amount of ^ssue and the Ivmph drainage remoied b> lanous surgeons. 
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and then go back and look at your own specimens , you will be surprised I find, too, 
that I have been much less radical some times than other times 

What is a radical operation for cancer^ The word is used by almost every surgeon 
who operates for cancer To my mind it means the removal of the tumor, the surrounding 
soft parts as widely as they can be removed, and all of the primary and all of the first 
alternate group of lymph nodes that dram the area, if it is possible to do so, and still 
liave a living patient who can carry on his normal life 

The studies on lymphatic drainage shown here confirm what has been shown before 
Squamous cell carcinomas that arise m the skin and involve the mucosa of the bowel, 
or come up behind the mucosa, we have demonstrated to have lymph node metastases up- 
ward along the superior hemorrhoidal drainage as well as to the inguinal nodes Of 
course that is just what one would expect from an anatomical study of the lymphatics 

By the same token, those adenocarcinomas which arise m the mucosa and have 
extended downward to involve the skin — ^we have seen some where there has been 
lymphatic involvement of the inguinal nodes as well as to nodes along the superior 
hemorrhoidal vessels Any local operation for cancer at this level must be viewed with a 
good deal of reserve Certainly it cannot be called radical surgery if you do not take 
out the regional lymph nodes 

(Slide) This is not new This man had a very lowly mg carcinoma 

(Slide) Rouviere showed this same thing, that there are lymph channels very low 
m the rectum which may go directly to the nodes at the promontory of the sacrum 
This patient had a lesion just above the mucocutaneous line, and yet there are involved 
lymph nodes at or above the promontory of the sacrum, and of course no posterior 
resection is going to remove these 

To my mind the superior hemorrhoidal arteries should be removed at least an inch 
and a half, and preferably two inches above the promontory of the sacrum if you have 
any hope of removing the primary set of filters to the lower bowel The lateral spread 
has been well discussed 

I would urge upon you two other things Let’s have a common landmark that we 
can identify I know of a patient m Chicago who had a proctoscopic examination by a 
medical man He found a tumor about nine or ten centimeters above the mucocutaneous 
line The patient did not want a colostomy, she went elsewhere and had a transverse 
colon resection for a carcinoma which had intussuscepted all the way down If we are 
to use centimeters on the proctoscope as a landmark, this tumor would be classified as 
one at nine centimeters 

The landmark you can see any time on the specimen or in the belly, and that needs 
no ifs, ands or maybes, is the deepest part of the pelvic peritoneum Of course, as Dr 
David has pointed out, this region has an anatomical importance as far as lymphatic 
drainage and fixation to the contiguous structures which ma> set up new lymphatic 
drainage patterns The anterior peritoneal reflection is the landmark that I wmuld urge, 
rather than centimeters, because it is reproducible and needs no further identification 
For many years w'e have often re-established continuity wdiere lesions were ten or 
12 cm on the proctoscope by obstruction resection I was brought up on that 

If jou remove the bow'el and its mesenterj an inch and a half or two inches below 
the tumor, and if the tumor is covered completely by peritoneum on the anterior sur- 
face and if there is no marked enlargement of the hmph nodes or fixation to other 
structures, there is no reason why jmu should not attempt to re-establish continuitv, but 
if anj of these unfa\orable features arc present, then ^ou must do the most radical 
thing, nameh, an abdominoperineal resection 

Du R Russni Bi st, Omaha, Neb I would like to thank the discussers for their 
interesting and informatne remarks 

Fir'-t, I would like to make a few remarks about the pull-through operation The 
operations 1 ha\e seen done, and also those depicted m the literature, do not seem 
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radical enough in the region of the levator am muscle In this whole picture we ha\e 
three avenues of spread I plead that we stay just as high above the lesion as possible, 
because that is the most direct method of spread From our studies, I also plead for 
more and wider dissection of tissues in the region of the levator am muscles When it 
comes to considering the area below the lesion, our investigations lead us to belieie 
that the sphincter mechanism can be saved more frequently than it has been in the past 

Theory and emotion must be replaced by experience in sphincter presennng opera- 
tions and a final tabulation of the end results Personally, I do not believe that sufficient 
experience has been had by a sufficient number of surgeons in a sufficient number of 
cases over a long enough period of time to unequivocably make a statement In this 
presentation, I have merely attempted to evaluate the sphincter preserving procedures 
based upon existing pathologic-anatomical knowledge, some experimental studies and a 
limited experience 

In the pull-through procedure, I do not believe we have good control m many cases 
and if we do not have good control, whether by anastomotic piocedure or pull-through, 
I believe it is better to have an abdominal anus A well and tried fecal discharging 
stoma on the abdominal wall is far better than a hidden irritating fistulous opening in 
the perineum 

Next, a few lemarks on technic should be mentioned as related to this group of 
patients 

(Slide) In our cases we have always established a cecostomy and have always 
drained the pre-sacral space by a small incision along the coccyx in all operations where 
the anastomosis is below the peritoneal reflection In other words, in Operations I, II 
and III these two technical maneuvers seem indicated by us to lessen morbidity and 
mortality 

(Slide) In our posterior approach in Operation II, we go more widely than de- 
picted in these drawings From our experimental studies, we are now more conscious 
about wider excision in the region of the levator am muscle in the abdomino-perineal 
operation and in the sphincter preserving procedures 

(Slide) This shows the completion of the anastomosis and placing of a dram in 
the hollow of the sacrum, because in about So per cent of our cases (I am reluctant to 
say It), we have had some fecal drainage although in only one case has it been pro- 
longed over any number of weeks 
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INTO THE DUODENUM AND ESOPHAGUS=*- 

M. M ZlNNINGER, M D , AJsT) W1L.LIAM T CoLLINS, M D 

CiKcixxATi, Ohio 

FROM THE DEPARTMENT OF SURGER-i AND DCPVRT^JFNT OF PATHOLOG'i , COLLEGE OF MEDICINE 
UNIVERSIT-V OF CINCINNATI AND THE CINCINNATI GENERAL HOSPITAL 

There is considerable reason to believe that many surgeons today are 
performing inadequate removal of cancer of the stomach, because of deficient 
knowledge as to the nature of its spread The poor results which are generally 
recognized to exist so far as complete cure of this disease is concerned are 
usually ascribed to the fact that in the vast majority of cases the cancer is 
far advanced by the time operation is performed and dissemination to distant 
areas has already occurred On the other hand m some of the large bulky 
lesions the tumor remains localized in the stomach for a considerable time 
without metastases While many efforts to improve the situation as regards 
earlier diagnosis are being made, it seems unlikely that any major improvement 
will occur m the near future For that reason it seems desirable that surgeons 
should review their present methods, and in the light of present knowledge of 
the spread of the disease, see if changes in them can lead to increase m the 
percentage of cures 

For the past i8 months we have been engaged m a study of the extension 
of cancer of the stomach into the wall of the organ itself and also into the 
duodenum distally and the esophagus proximally, using large microscopic 
sections This investigation has been supported in large part by a research 
grant from the National Cancer Institute, U S Public Health Service Pre- 
vious studies of such extension have been made, but though a number of 
reports concerning it have been recorded they have not received wide publicity, 
and we are convinced that many surgeons who are resecting stomachs for 
cancer are unaware of the importance of the local extension which frequentlv 
occurs 

In 1934, Verbrugghen^ reported a study of 50 cases of cancer of the stomach 
with regard to the local extension of cancer in the gastric wall His material 
consisted of specimens removed surgically at the Mayo Clinic He found that 
the degree of extension varied considerably, depending largely on the degree 
of differentiation of the tumor microscopically In many infiltrative types the 
extension was found to be considerable and unpredictable On the other hand 
in those lesions which were well localized grossly, there was found to be micro- 
scopic extension as much as 35 mm from the apparent edge of the tumor 
Vcrbrugghcn therefore recommended that a margin of at least 4 cm of appar- 
ent!} normal tissue be remo\ed bejond the edge of well circumscribed lesions, 

* Supported in larpc part b^ a grant from the National Cancer Institute, U S Public 
Health SerMce Read before the \merican Surgical Association, St Louis, Mo, 
April 21, 1940 
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and stated that even wider margins were desirable in lesions less well deHned 
In 1936, Castleman ,2 m a review of 134 surgical and 65 autopsy specimens 
of the stomach, by careful microscopic study, found infiltration of cancer cells 
beyond the pylorus into the duodenum in 21 cases, or 10 5 pei cent That such 
spread could occur was not generally recognized or mentioned m textbooks 
As a matter of fact, it has been a popular misconception that cancer of the 
pyloric end of the stomach remains well confined within the stomach itself and 
does not spread beyond the pylorus He reported that the extent of penetration 
of the duodenum varied from 4 to 23 mm and he therefore recommended that 
at least 3 cm of duodenum be removed in resecting every carcinoma of the 
pyloric end of the stomach 

In 1941, Coller, Kay, and McIntyre® published their very important con- 
tribution to our knowledge of the lymphatic spread of cancer of the stomach 
especially in the extramural lymphatic system In the 53 cases studied by 
them, principally with regard to the lymphatic spread, they mention that in 14 
or 26 4 per cent there was microscopic evidence of extension of the cancer into 
the duodenum 


Pack and McNeer"* in a recent article have pointed out the frequency with 
which cancer of the cardiac end of the stomach has invaded the wall of the 
esophagus This involvement, just as in the duodenum, is likely to be only 
microscopic, and therefore imperceptible to the surgeon on gross palpation, 
and may extend for considerable distances They state that this extension has 
been observed so frequently, and may extend so far, that their routine pro- 
cedure is to make a frozen section of the transected esophagus, and anastomosis 
IS not done until such examination has been reported negative for cancer 
The material for our study has been obtained pnncipally from the oper- 
ating rooms of the Cincinnati General Hospital and the Christian R Holmes 
Hospital Both of these hospitals are under the professional direction of the 
College of Medicine of the University of Cincinnati, and the operations were 
performed by members of the faculty of the Medical College and the resident 
house staff In addition, a number of specimens were obtained from four private 
hospitals in Cincinnati, so that many surgeons participated m furnishing the 
material, and examination gives a picture of how resections of the stomach are 
performed in the city as a whole A number of autopsy specimens have been 
studied during the same period and by the same method These are not being 
reviewed at this time, as they may be considered by some as representing more 
advanced stages of the disease than those which were considered operable 


and removed surgically 

The steps involved in the study of our cases included the following in 
pathologist received the specimen as promptly as possible after its remova 
Usually he was in the operating room to get it immediately The specimen v as 
opened and after gross examination and description, was ^ 

color and black and white, pinned out on a cardboard or thin board ^0 
shrinkage, and fixed m formalin After fixation the ' x ,tch 

lesion, and the portion taken for microscopic study was indicate 
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by dotted lines L^rge blocks were taken through the entire lesion and through 
the adjoining stomach and duodenum or esophagus to the edge of the specimen 
In a number of instances one block sufficed to reach from one end of the entire 
specimen to the other , sometimes two or moi e were necessary The chief limi- 
tation to the size of the block was the size of the slide and cover slip, the dimen- 
sions of which are approximately 3 by 5 inches The tissue was imbedded in 
paraffin, cut on a special microtome, usually at 10 micra thickness, and stained 
with hematoxylin and eosin The thinness and general excellence of the sec- 
tions was such that careful microscopic study w^as possible In general the 
blocks were 5 to 10 mm in thickness, and though serial sections w^ere not made, 
a number of sections w^eie prepared from several levels in each block so as to 
give a better picture of the extent of invasion 

The total number of operative specimens examined to date is 47 divided 
as follows 

Table I 


Partial gastrectomy including duodenum 34 

Partial gastrectomy, including esophagus 6 

Partial gastrectomy, including no duodenum or esophagus 5 
Total gastrectomy 2 

Total 47 


In most of the tumors of the distal half of the stomach, the resection was 
carried beyond the pyloius In a few, although the gross description and photo- 
graph seemed to indicate that some duodenum had been resected, no duodenal 
mucosa could be recognized mici oscopically Of the total of 36 cases showing 
duodenal mucosa microscopically, nine or 25 per cent showed invasion of the 
duodenum by carcinoma In six of the 36 cases the lesion w'as in the body of 
the stomach and grossly more than 5 cm from the pylorus If these are 
excluded and only the 30 cases considered in which the lesion w^as located in 
the antium and within 5 cm of the pylorus, the percentage of cases in which 
duodenal invasion w'^as found is 30 per cent, or 9 cases out of 30 The length 
of extension could not be measured too accurately, but varied considerably, 
being only 3 mm in twm cases, from 7 to 15 mm m four cases, 20 mm 111 twm 
cases and 60 mm in one case These measurements were made directly on the 
large sections, and do not allow for any shrinkage wdiich had occurred (See 
Table II ) The invasion into the duodenum seemed principally to be by direct 
infiltration of the muscle or extension m the subserosal l3miphatics In onl}' 
three cases w as it in the submucosa, one of the chief sites for extension in the 
stomach and esophagus In a number of cases an isolated lymph node adja- 
cent to the duodenum beyond the p)dorus displa}ed metastasis wnthout any 
actual cancer being found in the duodenal w all itself Such instances have not 
been listed as shownng extension into the duodenum, though it is obvious that 
removal of a node in this location cii bloc w ith the rest of the specimen w'ould 
requiic resection of the duodenum In practical!} all cases there was no gross 
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evidence of invasion of the duodenum, and it was recognized onh micro- 
scopically 

The greatest extension encountered was 6o mm as measured on the 
resected specimen In this case, however, carcinomatous infiltration was 


Table II- 

-Degree and Location of Evfenswn into Duodenum 

Case No 

Extent 

Location 

11 

3 mm 

Mucosa 

12 

60 mm 

Muscle and subsero^a 

21 

IS mm 

Muscle 

23 

7 mm 

Muscle 

59 

20 mm 

Lymph node and muscle 

65 

12 mm 

Subserosa 

78 

10 mm 

Submucosa 

79 

3 mm 

Mucosa and muscle 

80 ' 

20 mm 

Muscle 


present at the line of division of the duodenum so that it obviously extended 
farther than that This patient was operated upon by one of us (MMZ), and 
at the operating table peculiar radiating lines were seen extending m the sub- 
serosa of the duodenum well into the second portion It was suspected that 
this might represent carcinomatous extension, but was unlike any seen pre- 
viously and therefore not regaided as characteristic The patient had a deep 
ulcer, but there was free hydrochloric acid in the gastric secretion, and there 
was some question whether the patient had cancer or a benign ulcer Radiating 
lines similar to those seen in the serosa of the duodenum were found extending 
over the pancreas and the retroperitoneal tissues from near the base of tlie ulcer 
No enlarged lymph nodes nor metastases in the liver could be made out During 
resection more duodenum was removed than usual in order to get a good speci- 
men of the unusual appearing tissue, though the total visible extent of what 
later proved to be cancer could only have been removed by total pancreatectomy 
and duodenectomy The microscopic picture shows extensive cancerous infiltra- 
tion in the subserosa and muscularis up to the line of resection As can be seen 
in Fig I, the section resembles a typical benign gastric ulcer, which is just the 
way it appeared at the operating table There is, how'^ever, both scirrhous and 
mucoid carcinoma present in the base and wall of the ulcer with wide spread 
extensions both in the muscle and in the subserosal lymphatics Most of these 
groups of cancer cells are too small to be seen in Fig i On low power exam- 
ination, Fig 2 , they can be seen to, extend, as has already been noted, to the 
line of, transection of. the duodenum, certainly several inches from the distal 
edge of the ulcer Proximally, they extend in the subserosa to arrow No 3. 
Fig ij 40 mm from the proximal edge of the ulcer The patient developed 
jaundice about four months after operation Shortly thereafter the liver 
enlarged rapidly and death occurred within six months 

There wefe ^six cases of cancer of the cardiac end of the stomach, all 
removed with some attached esophagus All but one of these showe micro- 
scopic invasion of the esophagus, although this was evident grossly m on > 
two cases Microscopic extension into the esophagus occurred principally m 
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the submucosa with additional extension in the longitudinal and circular muscle 
in some cases It consisted usually of small isolated clumps of cancer cells, 
apparently lying within lymphatic channels It is our impression that the 
extension developed first in the submucosal lymphatics and as it progressed, 
extended outwards into the lymphatics in the muscle layers The longest exten- 
sion measured was approximately 25 mm , but at that point the esophagus had 
been resected, and it is impossible to saj how much farther extension had 



Fig I — Section of cancer of stomach resembling benign ulcer (i) Junc- 
tion of gastric and duodenal mucosa (2) Cancer cells in serosa and muscu- 
laris to edge of transection 60 mm from pylorus (3) Cancer cells m serosa 
40 mm from the proximal edge of the ulcer 


occurred This is illustrated in Figs 
3, 4, and 5 Tiie tumor itself, as can 
be seen in Fig 3, is a small, sessile 
adenocarcinoma with superficial ul- 
ceiation It measured only about 35 
mm in diameter and seemed to be 
lather sharply localized The exact 
junction of the gastric and esopha- 
geal mucosa cannot be recognized 
but IS presumabl}'- at about tlie level 
of arrow No i in Fig 3 Distally in 
the stomach small clumps of cancer 
cells can be seen in the submucosa as 
far as arrow No 2, Fig 3, approxi- 
mately 45 mm from the edge of the 
tumor These are shown in a low 
power photomicrogi'aph in Fig 4 In 
the muscularis they do not extend 
quite so far, about 35 mm from the 
edge of the tiimoi Proximall) , the 
tumor cells extend both m the sub- 
mucosa and m the muscularis to the 
hue of tiansection of the esophagus. 



Fig 2 — Low power jjliotomicrograpb 
(x 20 before reduction) of area 2 m Fig i 
Arrows point to cancer invading muscularis 
and serosa to edge of traiKection 
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about 25 to 28 mm from the upper end of the tumor This part of the section 
IS shown in low power magnification in Fig 5 

The extensions m the wall of the stomach varied within wide limits and 
were unpredictable In many of our cases the microscopic spread wfs not 


Fig 3 




Fig 3 — Section of cancer of cardiac end of stomach including stomach 
and esophagus (i) Approximate position of gastro-esophageal junction 
(2) Limit of extension of cancer into stomach in submucosa (3) and (4) 
Extension of cancer in submucosa and muscularis to point of transection of 
esophagus 

Fig 4 — ^Low power photomicrograph (x 20 before reduction) of area 
2 in Fig 3 Arrow points to limit of cancer extension m submucosa Tiny 
clumps of cancer cells can be seen in the submucosa almost continuously 
from here to the tumor 


Significantly beyond the obvious gross limits of the tumor In most instances it 
vaned from 5 to 10 mm but in some cases was as much as 15 to 25 mm We 
were unable to find any correlation between the microscopic nature of the tumor 
and the extent of microscopic spread Neither was there any way in which we 
could predict from the gross appearance how far extension would occur In 
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general it seemed that the ulcerative lesions which grossly resembled benign 
ulcer were likely to spread most w idely be} ond the gross limits In the stomach 
as m the esophagus, the pnncipal site for extension seemed to be in the sub- 
mucosal lymphatics In scirrhous carcinomas, however, direct extension in 
the muscle was likely to be present, though this v as usually evident grossly 
or at least suspected because of thickening and induration The submucosal 
extensions as a rule v ere not associated \\ ith thickening of the wall or palpa- 
tory evidence, and consisted of inconspicuous clumps of cancer cells as seen 
in Fig 4 


it was notea in iaoie i tnat in 
five cases no duodenum or esoph- 
agus was present in the sections 
These represented either small le- 
sions located in the fundus, or else 
cases in which the distal end uas 
transected so close to the pylorus 
that all of the duodenum removed 
was crushed by the distal clamp 
One of these was a very small, and 
piesumably early, lesion wdiich is of 
considerable inteiest In this patient, 
gastro - intestinal roentgenological 
study for discomfort due piesumalil} 
to spastic colitis demonstrated a 
]iolyp in the fundus of the stomach 
Gastroscopic examination confirmed 
the presence of the polyp, but mahg- 
nanc} could neither be diagnosed nor 
excluded At operation wntliin ten 
days of the discovery of the lesion 
w^e also w ere in doubt as to the na- 
ture of the polyp, w Inch w'as soft and 
about 2 cm m diamelei A radical 



Fir 5 — Low pow er photoniicrograpli 
(x 12 before reduction) of areas 3, 4 in Fig 
3 Arrows point to tin\ clumps of cancel 
in submucosa and muscularis 


lesection nevertheless w'as performed and the microscopic section show^ed a 
benign polyp about by 2 cm on a shoit pedicle Just at the base of the 
polyp was a small carcinoma about 12 b} 5 mm in diametei E^en this small 
lesion show'ed one tiny nest of cancer cells in the muscularis about 3 mm from 
the edge of the tumor No imolvement of any hmph nodes was found Onh 
a small segment of duodenum was removed at operation since the tumor was 
at least 4 inches from the p\lorus No duodenal mucosa was seen in the sec- 
tion which undoubtedly w-as due to the fact that it was crushed 111 the 
distal clamp 

The two total gastiectomies in this senes were for extensne Ic'^inns, one 
for a large carcinoma of the lesser cunature, and tlic other for a case m 
which there were multiple malignant pohp? In neither instance could the 
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surgeon be sure about the exact extent of the lesion, and therefore performed 
total gastrectomy in order to keep well beyond any extensions of the tumor 
In neither case was there invasion of eithei duodenum or esophagus, grossly 
or microscopically 

From an examination of the microscopic sections, a significant number of 
the cases showed that the surgeon had either cut through cancer at one or the 
other end of the specimen or had resected so close to tumor as to make one 
believe that there was insufficient margin of normal tissue In actual figures 
this is shown as follows Total cases 47 Cancer in transection line of stomach 
seven, of duodenum one, of esophagus one Thus there were nine instances 
m the 47 cases in which the surgeon cut across carcinomatous tissue in the 
resection, approximately 19 per cent of the cases It is interesting to note that 

Fig 6 



2 



5 


Fig 7 

Fig 6 — Section of ulcerative cancer of prepyloric area (i) Junction of 
gastric and duodenal mucosa (2) Extension of cancer into muscularis of 
duodenum (3) Proximal extent of cancer m submucosa of stomach 

Fig 7 — Section of ulcerative cancer of prepyloric area (i) Junction 
of gastric and esophageal mucosa (2) Distal extent of cancer microscopicallj' 
(3) Proximal extension of cancer in muscularis and serosa to line 01 
transection 


in 1941 Coller and his associates in the article previously cited made somewhat 
similar observations It must be emphasized that just as m Coller’s series a fair 
number of these patients presented far advanced lesions, and many of the 
resections were palliative procedures and ivere not considered by the surgeon 
as being curative Several such cases were done by one of us (MMZ), and 
resection was performed, even though it was obvious that not all of the car- 
cinoma could be removed, m an effort to relieve nausea, anorex'ia, pain, 
obstruction, bleeding or vomiting, and with the expectation that death wou 
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occur from metastases or general debility before local recurrence led to the 
return of symptoms referable to the stomach itself 

Consideration of the data presented here, together with that presented by 
others, leads us to believe that man} surgeons not only are not being sufficiently 
radical as regards removal of the extramural lymphatics, but that also they do 
not remove sufficient amounts of stomach, of duodenum, or of esophagus In 
all carcinomas of the distal half of the stomach, in addition to removal of the 
great omentum, and as much of the gastro-hepatic ligament as is possible, the 
first portion of the duodenum should also be removed Just how far the 
resection should be carried proximall} in the stomach cannot be stated in 
centimeters or inches, but it would seem vise to suggest that the surgeon decide 
what lie regal ds as a safe margin proximal to the tumor and then actuall} 
resect an inch or two more Naturally the question arises as to the desirability 
of routine total gastrectomy in the treatment of gastric cancer This has 
already been suggested by Longmire Our ow n experience w ith total gastrec- 
tomy leads us to lieheve that marked feeding difficulties occur m a fairly large 
proportion of patients, though others seem to have little oi no difficulty in 
eating aftei apparently identical procedures On account of these feeding 
difficulties we aie not wnlling as yet to lecommend loutine total gastrectoni} 
Foi cancels of the cardiac end of the stomach we believe that resection of 
some esophagus along with the caidiac end of the stomach is necessaiy Just 
how' much esophagus should be i emoved is not certain, but i to 1 inches may 
piove to be too little The plan recommended b} Pack seems to be worth 
consideration by all of us, i c , frozen section of the cut end of the esophagus 
befoic anastomosis is done 

We have been more and more impiessed by the value of a combined 
alidomino-thoiacic incision foi the removal of all cancels of the stomach, 
wliether they be in the distal oi pioximal half of the oigan, and wdiether a 
total gastiectomy is to be done For this purpose w'e have been using the 
incision desciilied b) Carter^ for splenectomv This incision gives adequate 
exposuie of tlie duodenum so that its lesection can be carried out readily It 
gives admiralile exposure of the gastro-hepatic ligament and permits eas} access 
foi iemo\al of gland-beanng tissue along the lesser curvature of the stomach, 
and with slight modification allows exposure and removal of a considerable 
segment of the lowci esophagus We are now using it almost routine]} in all 
tases of cancer of the stomach 

SUMM\in \XD COXCLUSIOXS 

Foi ty-sc\ en cases of cancer of the stomach ha\ e been studied w ith reference 
to extension of the tumoi into the wall of the stomach and into the duodenum 
and esophagus 

In 30 en'^e*; in which the tumor laA gross!} within 5 cm of tlie pylorus, 
nine or 30 per cent showed cai cinomatous nuasion of the duodenum The 
extent of this imasmn Naricd from a few millimeters to several centimeters In 
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practically every instance the invasion was only evident microscopically and 
was not recognized grossly 

In SIX cases of cancer of the cardiac end of the stomach, five showed inva- 
sion of the esophagus, though this was apparent grossly m only two of them 
The greatest length of microscopic invasion beyond the apparent edge of the 
tumor was 25 mm 

In the wall of the stomach, microscopic invasion varied greatly with regard 
to its extent 

No correlation could be recognized between the gross or microscopic 
appearance of the tumor and the likelihood of invasion 

In view of these findings it seems advisable to reaffirm the need for wide 
local excision in resecting cancer of the stomach In order to accomplish this 
easily, a combined abdomino-thoiacic incision is recommended 
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Discussion — Dr Alexander Brunschwig, New York City I simply want to use 
Dr Zinninger’s excellent presentation to present a few photographs that might be of 
interest to the Association in connection with the subject of gastric cancer These are 
photographs that relate to the initial operation that Billroth performed in 1881 

(Slide) This is the specimen of the first gastrectomy as it is preserved today in 
Vienna You will note that Billroth did remove quite a generous part of the first seg- 
ment of duodenum The date of the operation was January 19, 1S81 The photograph 
was sent to me by Professor Denk of Vienna, who was elected to honorary member- 
ship in this society last year 

(Slide) This is the front sheet of the original history of this epoch-making case 
There is no signature to this discussion of the patient’s sjmptoms The physical findings 
begin about here We don’t know who wrote the history, although presumably it was 
one of Billroth’s assistants 

(Slide) This is a postoperative note made the day after operation, and again it is 
unsigned This is a freehand pencil sketch which is remarkably well preserved, with 
the pylorus indicated here, the tumor here, and the cuff of the duodenum here 

It IS interesting to recall that Billroth was rather fearful of criticism, and scheduled 
this operation late one afternoon under the seats of his amphitheater, and only two or 
three of his assistants knew that he was going to do it They were the only audience 

presen^^^^e) metastases after pjlorectomy for cancer, 

and it is unsigned The patient had lived four months 
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Gn.BERT HoRRAX, M D , AKD JAiAIES L Pofpen, ]\I D 
Boston, MASSACntrsETTS 

FROM THE DEPARTMEKT OF NEUROSURGER\ THE lAHET CUMC BOSTON 

The so-called acoustic tumors are the common type of intracranial 
new growths situated in the cerebellopontile angle Although they are benign, 
encapsulated, non-invasive lesions, their removal in the early days of neuro- 
surgery was attended with such a high mortality (75 to 85 per cent) as to be 
prohibitive, and even then it is doubtful whether complete removals with 
useful survival of the patients were ever accomplished 

In 1917, therefore, Harvey Cushing- introduced the method of what he 
termed the “mtracapsular extirpation” of these tumors This meant that after 
incising the capsule, the contents of the growth within were more or less 
completely taken out with a blunt cuiet combined with suction In this way it 
was inevitable that some portions of the tumor would remain inside the 
capsule, as the latter was left m sUu, and recurrence took place at var}ung 
intervals, many within two to five years following the operation, although a 
fair number of patients lived for much longer periods However, the intra- 
capsular operation constituted a great step forward, since, for the first time. 
It offeicd patients with acoustic tumors a good chance at least of coming 
through the operative procedure The immediate mortality was reduced, at 
least 111 Cushing’s hands, from prohibitive figures down to 20 per cent at first, 
and later to less than 10 per cent 

On the other hand, ’t became obvious that the intracapsulai removal was 
far from ideal, both because of almost certain recurrence and because the 
five-year moi tality after this procedure was exceedingly high — 56 per cent in 
Cushing’s scries, from figuics given by Eisenhardt" in 1935 For this reason 
Dandy’’ made a picliminary report in 1922 of an operation for the complete 
remoial of acoustic tumois, followed in 1925^ by recording five such complete 
extiipations without mortality In 1934'’ he introduced an important technical 
advance in the unilateral approach through a 1 datively small bony opening 
instead of the wide bilateral e\posure used hitherto 

Since tliese early articles there have been surprisingly few reports by 
neurosurgeons concerning the end results of operations for acoustic tumors by 
cither of the methods mentioned In 1934 Ohvecrona^® reported 31 cases in 
which complete cxtnpation had been performed with a 19 4 per cent mortality 
He stated that the end results and useful surM\al in this group were far better 
than m his pi c\ ions senes of mtracapsular extirpations 

Read before the American Surpinl \':corntinn Sf Louis Mi'^'ouri, \pril 21, 1949 
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In 1939 the present authors reported® a series of 35 patients with acoustic 
tumors on whom they had operated during the previous seven years Seven of 
those patients had intracapsular removals, and although the operative mor- 
tality was not great, all but one of these patients died subsequently Nine 
other patients had one or more previous attempts at removal of their tumors 
elsewhere, and although we were eventually able to extirpate their growths 
completely they need not be considered in the present connection, since the 
difficulties and hazards in this group are exceedingly great The remaining 
19 patients had not been operated on previously and a complete removal of 
their tumors was accomplished The operative mortality in this latter group 
was 105 per cent, and it was stated that, aside from the tvo postoperative 
deaths and four others who showed considerable disability, the remainder 
(68 per cent) “were able to get about perfectly well by themselves and, for 
the most part, to resume their former occupations ” 

In 1942 Nielsen® made a careful study of Ohvecrona's large series of 130 
acoustic tumor patients operated on between the years 1930 and 1939 Twenty- 
eight of these patients had intracapsular extirpations of their tumors and 
Nielsen also gave mortality figures for 34 patients with this type of operation 
performed pieviously by Ohvecrona, making a total of 62 intracapsular 
removals There were likewise 75 patients who had had their tumors com- 
pletely taken out Without going into the details of Nielsen’s statistics it vas 
pointed out that the immediate operative moitality from intracapsular 
removal was between 27 and 28 per cent and that within five years the death 
of 16 more patients had occuried, making the total five year mortality for this 
group roughly 56 per cent On the other hand, the operative mortalitj’’ in the 
completely removed gioup was 187 per cent, and although four of these 
patients died subsequently, in only one was there the possibility that death 
was due to tumor recuirence 

In regard to useful survival, that is, either full or somewhat diminished 
earning capacity, Nielsen stated that 75 per cent of the patients having intra- 
capsular extirpations came into this category This figure refers obviously 
only to those patients who survived the operation and the subsequent five- 
year interval, since only 27 patients, or roughly 44 per cent of the original 62 
in this group, survived As will be shown later, we feel that the only real 
way of determining correct end results is to base the percentage of useful 
survival on the total number of patients operated upon If such a comparison 
IS made, the 75 per cent, or 21 of the 27 survivors, would represent 33 8 
per cent of the total 62 patients with intracapsular removals who were leading 
useful lives 

In the group of complete extirpations Nielsen has again followed the same 
method of basing the percentage of patients living useful lives on the number 
surviving the operation and the five-year interval His figure for this group 
by this method would be 80 4 per cent, but if one bases the percentage on the 
total number of patients operated upon, namelj / 5 > ’s found that roughly 
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6o per cent of patients who had complete removal of their tumors ^^ere living 
useful lives at the time the}’- u ere studied As can be seen, this figure is nearl} 
twice the percentage of those in the intracapsular group 

In 1943 Dandy^^ summarized his experiences uith 46 patients who had 
complete removal of their acoustic tumois There vere five deaths m this 
series, an operative mortaht} of 10 87 per cent In connection with the end 
results he stated that two patients died wuthin one year after leaving the hos- 
pital Concerning useful survival the following statement was made “So far 
as I know’ all the remaining cases are living and w’ell With few exceptions 
all are active, and many of them are cair}’ing on their former work in full 
capacity Perhaps half a dozen have some degree of uncertainty in walking 
and have slight ataxia ” It is impossible to get any useful numerical percentage 
as to satisfactory survival m this senes, especially since the author includes 
“several” small tumois wduch “were encountered when operating for tri- 
geminal neuialgia by the ceiebellar route ” These would not be considered as 
the usual type of relatively large tumors w'hicli most authors have dealt w’lth 
m tabulating both their moitality as well as their end results How’ever, it is 
safe to assume that Dandy’s figuies would at least be as good as others w’ho 
have made similai studies 


Ohvecrona’s last leport in 1948^^ is concerned wuth 250 opeiations for 
acoustic tumors Of these, 185 had complete extirpations, and in 34 the tumors 
w’eie subtotally removed In only 26 w’as the intiacapsular method employed 
The opeiative mortality for the entire gioup was 236 per cent, and for the 
185 fiom w'hom the tumoi was completely removed w’as 24.3 per cent Ten 
of these latter died fiom one to 15 years aftei leaving the hospital Because 
of the impossibility of an} thing like complete follow-up figures in Ohvecrona’s 
series (since many of his patients w’eie in European countries during the 
w’ar), only rough estimates of the percentage of patients living useful lives 
can be made From his figures there w’ere 118 patients having complete tumor 
removals who had full or somewhat diminished earning capacity’ This would 
be 632 pel cent of the oiiginal 185 patients operated upon b} this method, 
but would icpiescnt 84 2 per cent of the 140 who survned the operation and 
left the hospital Twent}-six of Olivccrona’s patients had the intracapsular 
opciation Seven of these died postoperatively and seven others subsequently, 
thus making the eventual mortality’ siS per cent Of the remaining twelve 
nine, or per cent, were in useful life, but based on the original 26 patients 
this represents only 346 pci cent 


To summarize the data as guen by Ohvecrona and by Nielsen from 
Olivecrona s clinic one ma\ sa^ that the fi\c-}ear mortality for complete tumor 
icmo\als (including the operatne mortalih ) would be roughly 25 per cent 
wbeicas with the intiacapsular o peration for a like period the mortality would 

* Article was apparenth not puhli^icd *\Ianuscript a\a<; yent to one of ik (G H) 
in the author and the f,^vrc. enen arc taken from that ^ 
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be about 54 per cent These figures in themselves are significant, but even 
more so are those for patients living useful lives, since about 60 per cent of 
those whose tumors were entirely removed came into this category but this was 
true of only some 34 per cent of the patients who had had intracapsular extirpa- 
tions These percentages are based on the number of patients living usefully 
as compared with the total number of patients operated upon 

Aside from the figures from the intracapsular series of Olivecrona, as 
given by himself and Nielsen, the only chance of making a comparison of this 
method with that of complete tumor removal is through a study of Cushing’s 
end results as given by several of his pupils, since in practically all instances 
Cushing’s patients were operated upon by the intracapsular procedure It is 
because some doubt has existed as to the relative merits of the intracapsular 
versus the complete extirpation of these tumors that the present study has 
been undertaken There are three principal questions to be answered First, 
what IS the immediate operative mortality m the two groups , second, what is 
the mortality after an interval of five years, and thii d, most important of all, 
what IS the percentage of useful survival of the patients operated upon bv the 
two methods^ 

In respect to the last question, it was mentioned previously that heretofore 
the percentage of patients in useful life has been based frequently on the num- 
ber of those who survived the operation as well as a postoperative period, 
usually of five years This method, however, would be quite unfair in the 
present comparison for the reason, as will be pointed out, that whereas the 
actual operative mortality may be more or less comparable in the two groups, 
nevertheless, during the next five years a very large number of patients in the 
intracapsular group will have died, but only an insignificant number of those 
whose tumors were totally removed In other words, let us say that there 
were lOo patients who had been operated upon by the intracapsular method, 
and at the end of five years, 50 of these patients had died either postoperatively 
or within this interval If 25, or half of these survivors, were living useful 
lives the percentage of useful life based only on the number of survivors would 
be 50 per cent, whereas if based on the original 100, it would be 25 per cent 

On the other hand, if 100 patients had had their tumors completely re- 
moved and only 20 of these had died postoperative!}/- or during the five-year 
interval with 40, or half the remainder, in useful life, the incidence of useful 
living based only on the number of survivors would again be 50 per cent 
even though there were 40 such patients by this method against 25 by the 
intracapsular procedure, but based on the original 100 patients the figure 
would be 40 per cent against 25 per cent by the incomplete method The real 
question to be decided is, given a certain number of patients having acoustic 
tumors, what percentage of that original number may be expected to ha\e 
survived each type of operation and a five-3'ear wten'al and to be living useful 
lives at the end of that time or longer? 
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RESULTS or IKTRACAPSULAR EXTIRPATION (CUSIUNG S SERIES) 

The mortality figures here given are taken from Eisenhardt’s follow-up 
report m 1935 The figures for estimated useful survival were derned from 
reports made on a consecutive three-year series of Cushing’s cases by three 
of his pupils, Van Wagenen,^= Cairns^ and Davidoff 

Total patients operated upon fcirca 1906-1932) 176 

Total patients living five years or more 77 

Five year mortality (99 cases including postoperative deaths) 56 2 per cent 

Useful survival of the total 176 cases 44 or 25 per cent 

Useful survival of the 77 five-jear survivors 44 or 57 1 per cent 

In reviewing the above statistics it must be remembered that many of 
Cushing’s patients were operated upon in the very earl} days of neurosurgery 
when the modern adjuncts of electrosurgery and strong suction and antibiotics 
were not available, but even so his actual operative mortality was exceedingly 
low, and v as i educed in his last 50 cases to 4 per cent However, the reall) 
significant figure is the one which shows that of the original 176 patients onty 77 
had survived the operation and the subsequent five-year period So far as the 
useful survival of the patients in Cushing’s series is concerned the figures are 
admittedly estimated, but these estimates were taken from follov-up studies 
by his pupils who were at some pains to get an accurate idea of what the 
patients’ disabilities vere, if any To the best of their knowledge about one 
quarter (25 per cent) of the 40 patients who were followed were living useful 
lives, but in view of the statistics given by Nielsen and Ohvecrona for the 
mtiacapsular operation it is altogether probable that this figure should be 
raised to 33 to 35 per cent, inasmuch as it is undoubtedly true that Cushing’s 
1 esults by this pi ocedure were at least as good if not better than others using 
this method Even so, such a percentage falls far short of that for patients 
who have had then tumors completely removed 

Since no definite estimate of useful sunnval can be derived from Dandy’s 
publications, and since it was impossible for Ohvecrona to follow a consider- 
able number of his patients on account of war conditions, w'e have attempted 
to make a compaiison of the intracapsular results of Cushing w'lth our own 
series of total tumor extirpations We have considered that patients w'ere 
living useful lives if thev had returned to their original occupation or some- 
thing comparable to it, or, in the case of women, if they had resumed their 
usual household duties Certain older patients who came w'lthin the retiring 
age were considered in useful life if they had no great plnsical disabilities 
However, if patients had handicaps such as marked ataxia or weakness, or 
if lhc\ were blind e\en though their Msion had been lost before the operation, 
thev were not jiut into the useful categor} 

At this point the question of facial parahsis comes up With but few 
exceptions, possibly foui in our experience, this is almost ineMtable in doing 
a complete extiipation of acoustic neuromas of any considerable size In the 
inajorit\ of cases the enlarged internal auditor}’ meatus is filled with tumor 
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cells, and since these must be curetted out, the facial nerve can only m rare 
instances be spared This matter has always been discussed with patients 
and in all but one case they have pieferred this to a recurrence of their growth' 
The appearance of the face can be helped considerably by a subsecjuent 
anastomosis with either the hypoglossal or the spinal accessory nerve Only 
when the facial paralysis prevented them from doing some gainful w’^ork has 
this feature been considered as depimng them of useful life 

Since 1934, when we began to do complete extirpation of acoustic tumors 
routinely, there have been 83 patients so operated upon However, as men- 
tioned earlier, nine of these patients had been operated upon elsewhere pre- 
viously with incomplete tumor removal, and these need not be considered here 
as they present very great difficulties and hazards Likewise, two patients 
having bilateral tumors have been excluded for obvious reasons There were, 
therefore, 72 patients who had not been operated upon previously and whose 
tumors were totally extirpated There were eight deaths in this group, or an 
operative mortality of li i per cent Even though none of these patients 
have as yet died since leaving the hospital, nevertheless m oidei to get a strict 
comparison with Cushing’s as well as with othei series, we. shall consider 
only the 47 patients operated upon from 1934 through 1944, so that a five-year 
or more follow-up period may be obtained These data may be summarized 
as follows 

Patients previously unoperated upon who have had complete removal of their acoustic tumors 
Total patients operated upon (1934-1944) 47 

Total patients living five years or more 4 1 

Five-year mortality (same as operative mortalitv) 6 12 7 per cent 

Useful survival of the total 47 cases 31 65 9 per cent 

Useful survival of the 41 survnors 31 7S 6 per cent 

DISCUSSION 

From the data wdiich we have been able to gather through a study of our 
own series and the other available sources there would seem to be little to 
say in regard to the merits of the two methods here compared since the figures 
speak for themselves In other words, if one compares the above figures or 
the ones given previously foi total tumor removals with the results following 
the intracapsular operation, it will be seen that the five-year mortality (includ- 
ing postoperative deaths) for patients having complete removals runs from 
about 12 to 25 per cent, while for the intracapsular it is 53 to 56 por cent 
Furthermore, of the original number of patients opeiated upon, some 60 to 
65 per cent with complete tumor removal will be in useful life against pos- 
sibly 35 per cent of those who have had the intracapsular operation 

There can be no question that any operation on an acoustic tumor is a 
difficult and somewhat hazardous procedure, but with patience and care they 
can now be removed completely in the vast majority of instances If this is 
done, the patient will not only have as good a chance of coming through t e 
operation as by the old intracapsular method, but will also have an infinitely 
greater chance of living a permanently useful life 
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The one most serious drawback to the complete operation is the almost 
certain facial paralysis, but this can be improved to some extent by an anasto- 
mosis, and m our experience ever}' patient with one exception has preferred 
this disability rather than to be faced w ith a recurrence of the tumor and a 
far more serious secondary operation Ohvecrona v as able to spare the facial 
nerve in 15 out of 23 complete extirpations (Nielsen) but this is a much 
higher percentage than we have found possible It may be that the sitting 
position which, of recent years, has been employed for this operation may make 
it easier to identify and save this important structure 

SUMMARY 

A statistical study of the end results following intracapsular and complete 
lemoval of acoustic tumors has been made from our own material and from 
such other sources as are available The five-year mortality rate for the intra- 
capsular operation is v'ell over 50 per cent whereas for the patients \^ ho have 
had complete tumor removals it is from 12 to 25 per cent About one-third 
of the patients with intracapsular removals w'lll be m useful life after five 
yeais and about tw'o-tliirds of those from w'hom the tumors have been totally 
extirpated 

The one great disadvantage of the complete opeiation is a high incidence 
ot facial paralysis, but practically all patients m our own series have preferred 
to have this rathei than a recurrence of their tumors 
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Disotssion-Dr Francis C Grant, Philadelphia, Pa This is an excellent senes of 
cases which Dr Horrax and Dr Poppen have shown us I think it proves beyond ven 
much question that it is better to attempt to remove these tumors completely than 
to do a subcapsular enucleation The mortality is lower after complete extirpation and 
all chances of recurrence are avoided It is true that these tumors grow lery slowh 
and that, therefore, recurrence after subcapsular enucleation may be a matter of lears 
Nevertheless, they always do recur, and complete cure can only be afforded by complete 
extirpation 


There are two points in the surgery of these tumors which must be considered 
In the first place, every effort must be made to avoid injury to the ninth and tenth 
nerves, which lie at the lower pole of the tumor If these nerves can be dissected 
from the capsule of the tumor without damage, complete extirpation can be done with 
reasonable safety 


Secondly, if the brain stem, against which the tumor is almost always plastered, is 
damaged during the removal of the lesion, again, very serious postoperative complica- 
tions can result In our experience the most serious postoperative complication is dif- 
ficulty in swallowing, whether this be due to damage to the vagus or to damage to the 
brain stem Aspiration pneumonia is a very common sequela, if the swallowing function 
is reduced 


In our series of cases in which complete removal was possible, 32 cases haie 
survived from one to five years, 21, from six to ten years, 6, from eleven to fifteen 
years, and 6, for over fifteen years Of these 65 patients, 42 are well and working 
The other 23 had sufficient neurologic deficit to prevent return to their original 
occupation 

I was particularly impressed with Dr Horrax’s low mortality If the mortalit} 
can be maintained within reasonable limits and the tumor completely removed, there 
is no doubt that complete extirpation should ahvajs be attempted in acoustic tumors 


Dr Howard C Naffziger, San Francisco, Calif I think this paper has given the 
neurological surgeons a real mark to shoot at I don’t know of any careful!} reported 
series with as creditable results 

I think the method of analysis that Dr Horrax has used, including operatne 
mortality with five years' useful survival, is really the best sort of criterion Unfor- 
tunately, these patients come to the neurological surgeon late, and, as in the illustration 
by Dr Grant, practically every one that we see comes at a stage in which the tumor 
IS large enough to indent the pons 

In the early days the so-called partial removals were not much more than biopsies 
A partial removal is a rather loose term, because I think many of us have had the 
experience of a fatality after what w'e considered a pretty satisfactory partial remo\al, 
but have been appalled to find that we have only nibbled out a very small portion 
Unless the removal is considerable, intracranial pressure persists after operation, and 
the duration of life is quite short 

The future of these people is such that if they are not killed by the tumor the> 
have a considerable expectation of life In going over the last seventy patients of ours 
I have found that their average age was 41 8 years, which means that many of them 


are a good deal younger than that 

There are two points I would like to make I think the reports in the literature 

are quite infrequent as to the results of partial and total removal, many of us are not 

very proud of our results and are inclined not to say too much about them 

In this particular series reported, I think you have heard what can be done > 

two extraordinarily skillful surgeons working together n Uc nf the 

I am not at all sure in my own mind but that the mortality in the h^^ls ^ the 

same surgeons is lower in the case of total removal than in the case of partial remo 
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I think the portions left and the sequelae that go with it contribute \eo" largely to 
the mortality 

I believe this was a perfeetb splendid paper 

Dr Cobb Pilcher (Nashville, Tenn ) As in the case of many other conditions 
with which we have to deal, such as carcinoma of the stomach, which has been dis- 
cussed todaj. It IS unwise to make arbitrary rules, and I should like to point out that 
each case of acoustic tumor should have a decision made on its own merits as to 
whether or not a complete or an intracapsular removal should be done 

In a young person w'lth many years to h\e certainly the radical remoial is well 
justified On the other hand, we know' that many of these patients are in advanced years 
at the time they are first seen The duration of symptoms, for w'hich I have no accurate 
statistics, hut which I would guess to be not less than an average of ten years, indi- 
cates the slow-ness of the growth of the tumor, and suggests the slowness of its re- 
currence 

Certainly in an elderly person, in w'hom the risk of damage to the pons, of damage 
to the blood supply of the brain stem, and risk of facial paralysis and, may I saj, also of 
the fifth nene destruction which almost alwajs goes with facial paralysis, I W'ould 
consider that an intracapsular enucleation, by which I mean removal of almost all of 
the capsule except the small tab in the pars acousticus, is preferable Let us not make 
dogmatic rules to cover all cases 

Dr Gilbirt Horrax (Boston, Mass) I want to thank these gentlemen for their 
very kind discussion of this paper 

Dr NafTziger has touched on one point which I should have mentioned in my 
original giving of the paper, which I did not have time to do, and it is this I feel 
greatly indebted to Dr Poppen for his contributions to this paper, because it was he 
who in tlie first place urged me to take up the complete enucleation of these tumors, 
I^ccausc I had been brought up in the school that thought the intracapsular procedure was 
the only thing to do Dr Poppen played the major role very often, and I want to give 
every credit to him for the results we have had 

In regard to what Dr Pilcher said, he is quite right that one must bear in mind 
the occasional case of elderly individual who might do well with intracapsular enuclea- 
tion of the particular kind he mentioned I would call that, however, a subtotal enu- 
cleation, a term such as Dr Olivecrona uses in describing his procedures — the complete, 
the subtotal and the intracapsular Even in the best of hands, such as Dr Cushing 
and Dr Olivecrona, when the operative mortality is well over So per cent after five 
years, I don’t see that there is anv real question as to which is the best procedure in 
the v'ast majority of cases 


ERRATUM 

Due to typographical error in Table I of the article titled “Disarticulation 
of an Innominate Bone for Primary and Metastatic Cancer,” on page 96 of the 
Juh, 1949, Anx \LS or StjRC7nR\, appeared the statement under remarks con- 
cerning patient No 8 “Patient well 14 months after surgerv ” The length of 
time should lead four months 
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STREPTOMYCIN, AUREOMYCIN AND CHLOROMYCETIN 
EXPERIMENTAL AND CLINICAL COMPARISON* 

George H Yeager, M D , William L Byerly, Jr , M D 

AND 

William A Holbrook, Jr , M D 

Baltimoius, Maryland 

FROM THE DEPARTMENT OF SURGERY UNIVERSITI OF MARYLAND SCHOOL OF MEDICINE 

Repeated reports have demonstrated the effectiveness of penicillin, strep- 
tomycin and the sulfonamides in peritonitis In addition, preoperative use of 
these agents has been found to be of value in reducing the incidence of peri- 
tonitis in those surgical conditions in which, in the past, it has been rela- 
tively high 

Domagk^ demonstrated the value of sulfonamides in the treatment of 
peritoneal infections in mice Bower^ and his associates tested the effects of 
prontosil on the mixed type of peritoneal infection commonly seen in human 
peritonitis, while Epps® and his associates compared the merits of sulfanilamide 
and sulfathiazole Fauley ef al* studied the influence of penicillin in experi- 
mental peritonitis in dogs Crile,® in a clinical study, reported the results of 
treatment with penicillin of peritonitis of appendiceal origin 

Murphy, Ravdm ef al ® have studied the effects of streptomycin in experi- 
mental peritonitis in dogs, and, in addition, have shown that it passes into the 
peritoneal cavity, and frequently reaches a higher concentration than in the 
blood 

Kay and Lockwood,'^ in their experimental studies, expressed the thought 
that peritonitis is a systemic disease This was based on their gross and micro 
scopic findings at autopsy They believed that changes in prothrombin time 
might be of prognostic value 

Pulaski,® in analyzing a series of clinical cases with peritonitis, stated that 
streptomycin, used alone, is especially effective in spreading and m localized 
types of peritonitis without a palpable mass In a personal communication, he 
states that treatment of early spreading peritonitis with streptomycin and peni- 
cillin combined, seems to offer no significant advantage over streptomycin 
alone He states, howevei, that in the management of localizing lesions, com- 
bined therapy seems superior 

Several additional antibiotics have been developed since the discovery o 
penicillin and streptomycin Bacitracin, aureomycin and Chloromycetin are 
representative of this new group Bacitracin, which has been found to be 
effective in staphylococcal and streptococcal infections, was not considere 
pertinent to this study 

Aureomycin,t which is derived from a strain of Strepfomyces aureofactcns, 

* JRead before the American Surgical Association, St Louis, Mo , April 21 , I949 

t This study was aided by a grant from the Lederle Laboratories Division, American 

Cyanamid Company 
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has been shown to possess, in vitro, antibacterial actnitv against numerous 
gram-positive and gram-negative bacteria It appears to be bacteriostatic 
rather than bactericidal, except in high drug concentrations 

Chloromycetin, which is obtained from filtrates of submerged aerated cul- 
tures of a Streptomyces sp , has been found to be quite effectn e against a 
number of rickettsiae, and several gram-negative bacteria In vitro, crystalline 
chlorom} cetin has been found to be inactive against 5 easts and filamentous 
fungi, inactive against protozoa, moderately active against gram-positive bac- 
teria and Mycobacterium tuberculosis, and active against gram-negative bac- 
teria and Borrelia recurrentis Among the gram-negative organisms showing 
a considerable degree of sensitivity are the Brucellae, members of the salmon- 
ella group, and cohform bacteria 


TABtr I — Comparaiwc ^cttstftvtlv of Orgamsm<; Commonly Found vi Pcrtfomlts of 

Appcndtccal Origin 


OrRanism 

Penicillin 

Streptomycin Aureomj cm 

Chloromjcetin 

Sla/ili non heittohltcus 

Excellent 

Moderate 

Excellent 

Moderate 

Sir vindans, alpha 

Excellent 

Not 

Excellent 




susceptible 



Sir piORcnes beta 

Excellent 

Moderate 

Excellent 


Str non hemoliticus Bamma 

Excellent 

Moderate 

Excellent 

Good 

Lscherichta colt 

Not 

Good 

Excellent 

Moderate 


susceptible 



Clostridia 

Moderate 

Not 





susceptible 



Proteus 

Not 

Moderate 

Not 

Excellent 


susceptible 

susceptible 


Strep! faecahs 

Excellent 

Good 

Moderate 



Both aureomycin and chloromycetm are w^ell absorbed from the gastro- 
intestinal tract There are no reports up to the present time of toxic manifes- 
tations lesulting from the oral administration of chloromycetm Aureomycin 
has low lOMcity Nausea and gastro-intestinal irritation, manifested by diar- 
rhea, has been reported 

The influence of both is greatest on the rickettsiae and on the viral agents 
of the psittacosis-lymphogranuloma group Their in v itro and in vn o range of 
actiMtv closeh approximates one another However, unlike chloromycetm, 
most strains of giam-positiv'e cocci, pneumococci and hemol3’tic streptococci 
arc actively inhibited by aureom3xin 

Woodward,^''’ m a presentation at the General Session American College 
of Plnsicians, March 30, 1949, reported the therapeutic efiects of these two 
new antibiotics m tvphoid fever, imdulant fever, tulaiemia, scrub tophus, 
murine tvphus, rockv mountain spotted fever, as well as epidemic tvphus and 
Q fev cr He believes that chlorom} ce tm is clearly the drug of choice m clinical 

* The chloronncctm u^cd m thiv studv was supplied bj the Research Division, 
Pirkc, Dtms &. Compain 
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typhoid In tularemia, he states that aureomycin is more effective than strep- 
tomycin Chloromycetin has not been tried clinically in tularemia Experi- 
mentally, It IS less effective than streptomycin 

Aureomycin has been found to be of value in lymphogranuloma venereum, 
psittacosis and primary atypical pneumonia Comparison in these conditions 
with Chloromycetin awaits further clinical tnal 

In comparing the range of bacterial sensitivity of aureomycin and Chloro- 
mycetin with streptomycin and penicillin (Table I), it, seemed that valuable 
data might be obtained by studying the individual effectiveness of each of these 
antibiotics in a mixed type of infection such as occurs in peritonitis Since 
peritonitis, in dogs, is comparable to human peritonitis, it was decided to study 
the effects of each of the four enumerated antibiotics in an experimental 
study on this animal. 

Peritonitis was- produced by two methods in this investigation One 
employed the technic introduced by Bower and co-workers, and as modified 
by Fauley and his associates , the second, which basically represents a second 
study, employed the technic suggested by Rothenberg, Silvani and McCorkle 
These will be described as Study I and Study II 


STUDY I 


Animals were selected at random from stray, mongrel adult dogs weighing 
from 15 to 20 pounds and excluding pregnant dogs, and dogs previously oper- 
ated upon The abdomen was shaved, scrubbed and painted with iodine and 
alcohol Aseptic technic was rigidly observed Under intravenous nembutal 
sodium anesthesia, the abdomen was entered through a right rectus incision 
and the appendix drawn into the wound Mesenteric attachments were divided, 
and the appendiceal vessels were clamped, divided and ligated with silk In 
order to minimize a tendency toward intussusception, the appendix was ligated 
I cm from its base, with three coarse silk ties, rather than directly at its base 
The distal half of the appendix was then traumatized with a crushing clamp, 
the viscera replaced, and the incision closed in layers with silk No drains were 
used and no dressings applied Immediately after operation, each animal 
received 50 o cc of castor oil by stomach tube 

No attempt was made to withhold food or water postoperatively, and no 
intravenous fluids were given Temperature and leukocyte counts were deter 
mined every other day Necropsy was performed on all fatalities shortly after 
death All animals operated on are included in the series The animals that 
survived were examined not earlier than 14 days after operation Bacterial 
culture studies were made of peritoneal exudate in all animals A combination 
of antibiotics was not used in any of the treated animals, although it vas 
recognized that their effectiveness might have been enhanced thereby The 
purpose of th 6 study was to compare the results of the antibiotics individual!} 

Penicillin was not used in Study I 

Ten animals were used as controls Of these, eight died of acute diffuse 
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peritonitis, six of them within the first four da}s Ti\o animals recoAered, a 
survival rate of 20 per cent 

Ten animals were treated with streptomycin, starting 24 hours postoper- 
atively and continuing for eight days The dosage ^^as 75 everv six hours 
intramuscularly, a dosage equivalent of 300 mg ever}^ 24 hours Of these, 
four died of peritonitis, three of them within the first six da} s Six animals 
recovered, a survival rate of 60 per cent 

Ten animals were treated vith aureomycm, starting 2 s hours postoper- 
atively and continuing for eight days The dosage was 100 mg four times a 
day orally Of these, only one animal died, this occurring as late as the ninth 
day Nine animals recovered, a survival rate of 90 per cent 

Ten animals were treated with Chloromycetin, starting 24 hours postoper- 
atively and continuing for eight days The dosage was 62 5 mg e\ ery four 
hours orally Of these, tvv'o animals died, one on the fourth da} and one on 
the eighth day Eight animals recovered, a survival rate of 80 pei cent 


Table II — (Study I) Comparison of iUc Survival Rate m the Ticnled and Uutiealed 

Animals 



Xo 'Dors 

2 Day 
Survivals 

4-Day' 

Survivals 

8-Day 

Survival' 

14-Day 

Survival' 

Controls 

10 

8 

6 

4 

2 

Streptomycin 

10 

10 

8 

6 

6 

Aureomycm 

10 

10 

10 

10 

9 

Chloromjcetm 

10 

10 

9 

8 

8 


All animals were autopsied as soon after death as possible, and peritoneal 
exudate culture studies made In addition, all dogs that survwed 14 days were 
saciificed and culture studies made Fiv'e control animals showed a predomi- 
nance of Esclicnclna coU Eight animals treated with streptomycin showed 
EscheneJua coh, vv^hile only four treated with aureomycm showed tins organ- 
ism It IS interesting to note that of ten animals treated with aureom}Cin, 
eight show ed various types of proteus organisms All ten animals treated with 
chloroni} cetin showed Eschcuchia coh, while only two showed proteus 
organisms 

The comparative survn^al rates of Study I are shown m Table II The 
results of bacteriological studies’*' of peritoneal exudate are shown in Table III 
Note that only five of the ten control animals showed Eschcitcha coh, while 
eight out of ten animals treated with streptoim cm, and ten out of ten treated 
with Chloromycetin showed this same organism Four control animals levealed 
proteus organisms, only two each of those treated with streptom}cin and 
Chloromycetin showed proteus organisms, while eight out of ten treated with 
aurcom}cin showed this organism 

* Grateful acknowledgment is made to Dr Trank W Hachtel, Professor of Bac- 
tenologj, Universitv of Marvland School of Medicine, and Miss Audrey Funk, Bacteri- 
ologist, Universitv Hospital, Baltimore, Mara land 
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STUDY ir 

Rothenberg et al have suggested that a more effective method of producing 
peritonitis in dogs would be to combine excision of the spleen ahd omentum 
with the technic of Bower, Fauley et al as described under Study I 

Under Study II, the same principles of technic were observed except for 
the following (a) In addition to isolating and ligating the cecum, the spleen 


Table IU—(Sttidy /) Incidence of Bacteria Cultuies from Peritoneal Exudate of Dogs, 

with Experimental Peritonitis 


Controls 

Organism Incidence 10 Dogs 


Csehertchia col 5 

Gamma iireptococcus 4 

Proteus 4 

Closlndta perfnnges 5 

Staphylococcus albus 4 

Streptococcus vtrtdaus 0 

Beta hemolytic streptococcus 1 

Staphylococcus aureus 2 


Streptomycin 

10 Dogs 

Aureomycm 
10 Dogs 

Chloromycetin 
10 Dogs 

8 

4 

10 

5 

3 

3 

2 

8 

2 

3 

1 

7 

0 

0 

1 

2 

0 

5 

2 

0 

5 

0 

0 

0 


and the omentum of each animal were excised, (b) Five animals were used 
in each series instead of ten, and the period of observation covered seven days 
instead of 14 This shorter period of observation was selected because we were 
interested in bacteriological studies of peritoneal exudate rather than survival 
rate The survival study is shown in Table IV 


Table IV — (Study II) Comparison of the Tieated and Untieated Animals in Experi- 
mental Peritonitis (Method as in Study I with addition of excision of spleen 

and omentum) 

Group Ist Day 2nd Day 3rd Day 4th Day 5th Day 6th Day 7th Day 

Control 5 5 4 4 3 

Streptomycin 5 4 4 4 4 

Penicillin 5 5 5 5 5 

Aureomycm 5 5 " 5 5 5 

Chloromycetin 5 5 5 4 4 


Five animals were used as controls, of which three survived seven days 
All five animals showed a generalized peritonitis at autopsj'’, and no tendency 
to wall off Eight different types of organisms were cultured from the peri- 
toneal exudate with a total incidence of 22 positive cultures 

In this same study (Study II) the effects of penicillin were observed, m 
addition to those of streptomycin, aureomycm and chloromycetin All five 
animals treated with penicillin survived for seven days, and then w^ere sacri- 
ficed Two of these animals showed a diffuse peritonitis and three shoved a 
well localized abscess without evidence of a diffuse peritonitis Bacteriological 
studies of peritoneal exudate revealed four different strains of organisms The 
total incidence of positive cultures was eight Five of these showed a liea^T 
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over-growth of E<;chctichia colt This represents the ma\imum number of 
positive cultures possible to attain m this studv for an} specific organism 
Four animals treated with streptom}cin out of a possible fi\e sur\ived 
seven days Autopsy of the animal that did not sur\ n e show ed a diffuse 
peritonitis Of those that sur\i\ed one showed a diffuse peritonitis and three 
showed localized abscess formation about the appendiceal stump without evi- 
dence of diffuse peritonitis Bacteriological studies repealed four t}pes of 
organisms wuth a total incidence of 1 1 positive cultures 


Taplf 

V — (Study II) Postmortem Peritoneal Pindings 




Animalc 

not 

\nim 

u 



Sun. n inR 

7 dn\ s 

Su-i. i\ mB 7 

da\ s 



DilTucc 

Local 

DilTu=e 

Local 


Group 

Peritonitis 

Ab'cc's 

Peritonitis 

Vb'ce ' 


Control 

2 

0 

3 

0 


Streptomycin 

1 

0 

1 

% 


Penicillin 

0 

0 

2 

3 


Aureomycm 

0 

0 

2 

3 


Cliloromy cetin 

1 

0 

A 

0 



All five animals treated with aureom}cin smvived seven da\s Upon sac- 
rificing, autopsy studies re\ealed two wuth a generalized peritonitis, and three 
w'lth localized abscess without cMdence of diffuse peritonitis Four t}pes of 
organisms were cultured with a total incidence of ii positne cultures This 
incidence is similar to that for streptom}Cin, although the strains of organisms 
cultured were different Streptom}cm and aureomycm each had onh one 
positive culture for Eschci icliw coh 


Tahle Yl— (Studv II) 

Oigamsms Culluicd fiom Peritoneal Exudate of 
bntiealed Ammah 

Treated and 

Organism 

Strepto- Pcni- Aureo 

Control m\cin cillin m\cm 

Cliloro 

mvcctin 


‘Urcpiocaccus hcmohltcu^ 

3 


1 

2 

1 

Streptococcus non hcniot^Ucus 

3 




3 

Streptococcus "tridans 


4 




Eschcrichta coh 

4 

1 

5 

1 


Stop} ilococcus albus 

2 

3 

1 


2 

Clostndta Kroup 

5 

3 

1 


4 

Pro'cus -ulaans 

2 



4 

2 

Streptococcus faecahs 

2 



4 


Gram ncRativc rod anerobc 

1 






In the senes of animals treated with chlorom} cetin, lour out of five sur- 
vned Ihe animal that did not sur\ive showed a diftuse peritonitis In addi- 
tion, the four animals that weie sacrificed at the end of se\en da\ s aUo showed 
a diffuse pciitomtis Bacteriological studies of the peritoneal exudate were 
positne for six t}pcs of oigamsms with a total incidence of 15 positne cultures 
E<;chcnchia coh was cultured 111 three out of fne instances and Proteus vul- 
gati^ appeared twice 
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A diagnosis of peritoneal irritation, probably secondary to an acute appendix, ^^as 
made Exploratory laparotomy was advised but was refused by the patient 

She was given 300,000 units of penicillin immediately after admission This uas 
repeated in 12 hours 

Twenty-four hours after admission, her temperature was 101° F and abdominal 
rigidity was more marked in the right lower quadrant She persisted in refusing oper- 
ation Penicillin was discontinued and she was given i Gm of aureomycin orally This 
was follow'ed by 500 mg of aureomycin every 4 hours Approximately 14 hours later, 
her temperature was 995° F and leukocyte count wms 17,000 She w'as subjectneh 
improved Abdominal tenderness had diminished 

Thirty-six hours after starting aureomycin therapy a mass could be palpated in the 
right lower abdominal quadrant, about the size of an orange On the third day of therapy, 
she was afebrile and asymptomatic Abdominal tenderness bad disappeared and the 
mass had reduced m size Leukocyte count was 11,000 She was discharged two dajs 
later, completely asymptomatic, at w'hich time the mass in the right lower quadrant iiad 
become poorly defined Follow-up has not been possible 

DISCUSSION 

The evidence in Case 3 supported a diagnosis of a spreading peritonitis, 
for which exploratory laparotomy -was indicated and advised Following the 
patient’s refusal of operation and lack of response to penicillin, she tvas placed 
on aureomycin Crile has shown that response to penicillin in peritonitis takes 
three to four days, and Altemeier^'* has offered an explanation for this slov ness 
of response It is possible that the apparently rapid response to aureomycin is 
due to its ability to act against Escheiidm coli as well as secondarily asso- 
ciated organisms 

A total of 13 patients with peritonitis, secondar}'^ to appendicitis, were 
treated by surgery and aureomycin, and three patients -with presumptive 
evidence of peritonitis were treated by auieomycin alone, -without a fatality 

In addition, three intractable urinary tract infections, each of which showed 
positive cultures for Eschei iclna coh, have been successfully treated with 
aureomycin T-wm of the cases are included wuth Table VII, showing an 
analysis of the clinical results 

The third case occurred in a 6o-year-old male following a left loiver pelvic 
ureterolithotomy During the course of a j'^ear he had repeated hospital admis- 
sions because of chills, fever, urinary frequency and urgency During these 
admissions he had penicillin, streptomycin and sulfadiazine respectively, with- 
out appreciable influence He was placed on a course of 250 mg of aureomycin 
every four hours for eight days, after which bacteriological studies of the urine 
were negative He has remained asymptomatic during a five month follow-up 
period 

Table VH shows the surgical conditions treated with aureom}cin, and 
Table VHI, the types of bacterial organisms cultured 

Chloromycetin has not been gn^en a clinical trial from the surgical viev 
point except in tymphogranuloma venereum In this condition it will probabl} 
compare in value with aureom} cm Experimental data thus far obtained does 
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not warrant its clinical use in peritonitis In infections involving proteus 
organisms, it should prove to be of merit 

Ochsner and Johnston-^ have estimated that in cases of appendiceal peri- 
tonitis treated conservative!) , three-fourths will subside spontaneous!) \\ ithout 
going on to abscess formation, and that in the remaining 25 per cent incision 
and drainage of the abscess v ill be necessary 


Tabie VII — Clinical Studies 


No 

Patients 

Av 

Diagnosis Age 

Av 

Hospital 

Days Re=ults 


Mortaliti 

Non opera- 
tive Cases 

3 

Acute appendicitis 30 

5 66 Excellent 

0 



2 

Acute perforated appendicitis 44 5 

walled-oR abscess 

9 9 Excellent 

0 


Operative 

Cases 

U 

Acute perforated appendicitis 19 42 

generalized peritonitis 

14 9 Excellent 

0 



1 Perforated sigmoid dl\erticuhtis 52 11 Cecostomj and Died 

generalized peritonitis drainage 


Post- 

Operative 

1 

C colicjstitis gastric ulcer 

74 

19 

Asvmptomatic 

Died from 'ciere 
gastric hemorrlnge 

1 

C colt cvstitis and peritonitis 

72 

39 

Excellent 

0 

Gem to 

Urinary 

Infections 


folloning uretero sigmoidostom% 





Total 

19 


23 40 

11 21 


10 5% 


Cnle, 111 discussing a scries of cases of peritonitis of appendiceal origin, 
reported 23 cases that vere treated successfully with penicillin alone Four 
days of therapy with penicillin was adequate to control the average case Of 
the 23 cases reported 20 subsequently had an interval appendectoni) with 
confirmation of a gross perforation of the appendix 


Tabu VIII 

— Oiganisms Cultured jtom Clinical Cases 

Organism 

E CoU 

B Herr oh Sic SiitpS 

Streps Vtridans Cl TlWe/ii 

Number of cases 

10 

2 1 1 


It has been stated b) se\cral obser\ers that Eschcnchia coli, in pure culture 
IS not a pathogenic organism but is in rcalit) a saproph)te and that in mixed 
infections, the giam-positne cocci are the chief offenders Since penicillin 
does not inhibit the growth ot Lscha iclua colt, its eftectncness in peritonitis 
IS probabl) due to its abiht) to control sccondarih associated organisms 

Altcmeier has shown that cultures of Lschoiclna colt or of Bacillus pvo- 
cyaiicu<t ha\e the propcrti of dcstroiing the actniti of penicillin Tins ability 
could w cll account for the fact that large doses of pcncillm are rcnuired to 
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control gram-positive cocci when they are growing in a mixed infection asso- 
ciated with Eschei ichta colt 

The treatment of peritonitis of appendiceal origin with antibiotics should 
not be construed as a substitute for surgery Our series of patients is too small 
to be of clinical significance However, the experimental and clinical results 
obtained suggest that aureomycin has a protective mechanism in peritonitis of 
appendiceal origin A combination of penicillin and aureomycin therapy 
should be extremely effective in the treatment of peritonitis of appendiceal 
origin in those conditions, where for one reason or another surgery is either 
contra-indicated or physical (environmental) conditions preclude its possi- 
bilities As a dual adjunct in the surgical treatment of peritonitis of appendi- 
ceal origin, it should further reduce the present mortality rate If sufficient 
aureomycin is given to destroy the Eschei tchm coli, it is possible that smaller 
doses of penicillin would be effective 


SUMjMART and CONCLtrSIONS 

1 The clinical applicability of Chloromycetin aniT aureomycin is reviewed 
The major field of their usefulness appears to be in the treatment of infections 
with nckettsiae and certain of the virus group, and gram-negative infections 

2 Experimental peritonitis has been produced in a series of dogs in an 
attempt to compare the protective significance of aureomycin and Chloro- 
mycetin with streptomycin and penicillin 

3 Experimental animals in Study II treated with either streptomycin, 
penicillin or aureomycin showed a tendency to develop a localized peritonitis 
Control animals and those treated with Chloromycetin did not show this 
tendency 

4 Additional experimental studies with chloromycetin and in larger doses, 
should be made before its clinical trial in peritonitis of appendiceal origin 

5 Smaller doses of penicillin would probably be adequate in the treatment 
of mixed infections involving Eschei ichia coh, when combined with aureomycin 

6 Since aureomycin is extremely effective against Eschei ichia coh, as well 
as most strains of gram-positive cocci pneumococci and hemolytic streptococci, 
further studies may prove it to be the antibiotic of choice in the treatment of 
peritonitis of appendiceal origin 
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Disci ssiox — Dk \\iiii\m A Xit’-mufh Cincinnati Ohio Alost surgeons agree 
tb.it modern cbcniotlicrape has been of great \aluc m tlie treatment of acute septic periton- 
itis Tlicrc IS, howcicr. no agreement as to the most cffectnc antibacterial agent As set, 
tilt, re IS no specific treatment for peritonitis and successful management depends prmiari!> 
on earh diagnosis and prompt surgical intervention A review of our clinical experience 
m a total of 12S3 cases of acute secondarv peritonitis during the past eight years reveals 
lint tiic mortilitv was reduced approximatch 60 per cent m the 59'! cases treated with 
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penicillin or penicillin and sulfadiazine In our experience, streptomj cm has been 
definitely inferior to either penicillin or sulfadiazine in the treatment of this disease 
Experimental work has shown that acute septic peritonitis, secondary to lesions of 
the gastroenteric tract, is usually a synergistic infection produced by the cumulatn e action 
of the various intestinal bacteria, and that nonpathogenic bacteria may be of importance in 
increasing the virulence of others with which they are associated We also behe\e that 
clinical peritonitis following perforated viscera is not primarily an infection caused by 
gram-negative bacteria, but a mixed or synergistic infection in which the gram-positue 
organisms are often and usually more important Large doses of penicillin are effectne in 
secondary peritonitis because of their inhibitory effect on the gram-positive aerobic and 
anaerobic bacteria and not because of their action on the gram-negative organisms 

^lore recently we have become interested in aureomy^cin and Chloromycetin as poten- 
tially effective chemotherapeutic agents in peritonitis Both agents possess antibacterial 
activity against gram-negative and gram-positive, aerobic and anaerobic bacteria Our 
experience with chloromycetin in experimental peritonitis and in a limited number 
of clinical cases of acute secondary peritonitis suggests that this agent is an effective 
and valuable agent As more practical means of administering aureomycin and chloro- 
mycetin parenterally are found, the effectiveness of these agents should be increased 


Dr William L Byerly, Jr, Baltimore, Md • I would like to express appreciation 
for such an enlightening discussion by Dr Altemeier It is veil understood that a 
secondary fecal peritonitis is the result of a symbiotic relationship of organisms from 
the lower bowel with a ruptured appendix postoperatively leading to other causes 
(Slide) On this slide are listed the predominating organisms in 14 operative cases 
of diffuse peritonitis just discussed by Dr Yeager It is noted that the most frequent 
organisms, the colibacillus and the hemolytic streptococcus, have been shown experi- 
mentally and m vitro to be very susceptible to aureomycin 

The microphilia Sti eptococcus viridaus, as previouslj mentioned, is not as susceptible 
to aureomycin, as it is to penicillin, and m the patient, as Dr Yeager just mentioned, 
it may have been best if we had used penicillin in conjunction with aureomvcin 

Likewise, clostndia organisms have not been found susceptible to aureomycin We 
have not been ab'e to make any satisfactory sensitivity determinations of clostndia 


organisms to aureomycin 

(Slide) However, as shown on this next slide, we do know that penicillin is mod- 
erately effective against the clostndia group This slide shows the comparative 
sensitivity of the organisms commonly found in peritonitis of appendiceal origin an 
those which we have found in our experiments You will notice that the gram-positive 
organisms are very susceptible to both penicillin and aureomycin Aureomvcin and not 
penicillin is effective against the gram-negative rods of the cohform group 
clostndia group as well as the St> eptococcus jaccahs are more susceptible to pemcili 

*''™AtotoTtere”tmg faclor is that cliloromycctin is the only antibiotic that the pro- 

"“eITip ?hfiyT™e™Lrof the Aasoction mentioned s.metlini. about t^e 
ettecf of tee drugfon pyoeyanic infect, ons Although it la not a com™”;®"™ 
S L tv. s« a ntimher of infection, with this „ Sj 

and eapenniental studies it ha, been shown that chloromycetin, a, m proteu, gr 
an excellent effect on this organism 
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Postoperative Deaths 

A siGNiFicAN r TEA PURE of surgical progress during recent years has been 
the progressively lover and lowei case fatality lates attained in radical surgery 
of the colon and rectum, the stomach, the lung, the pancreas and duodenum, 
and other organs In each case the mortality rates leported from leading 
centers vere initially high, that is. from 25 per cent to 50 per cent, especially 
during early developmental stages of the work However, with increasing 
technical perfection gained through specialized experience and team-work, 
the acceptable rates fell year by yeai Di D F Jones, a skillful Boston surgeon 
who pioneeied in the intioduction to American surgery of the combined 
abdonnno-perineal resection for cancer of the lectum, lost from immediate 
operative complications about one fourth of the first hundred Miles operations 
in his series, commencing 111 about 1912 Tv enty years later, as he approached 
his retirement, he was able to point with pride to the loss of less than one 
twelfth of his last hundred cases togethei with a substantial increase in the 
resectability rate This record vas established without benefit of sulfonamides 
and antibiotics, vuthout blood banks and the employment of massive trans- 
fusions, without anticoagulant therapv for prevention or treatment of embolic 
disorders, and without reliance upon a staff of trained residents — and stands 
as an example of what could even then be attained through the acquisition of 
wisdom and technical perfection by a conscientious surgeon working without 
a complex specialized hospital team The gains of the past 15 years in 
pre- and postoperative care have not bi ought about substantial improvement 
over the best records attained by individual master surgeons of the previous 
era — but they have gone part-v ay to reduce the gap between the best and the 
average Many teaching hospitals and surgical clinics can now report oper- 
ative mortality rates of less than eight per cent in most types of major cancer 
surgery, with many of the operations being performed by trained residents 
who are only at the threshold of their professional caieers In fact, the pro- 
vision of team-work through the graduated residency system is probably of 
major significance in recent progress 

There is some danger that an attitude of complacency toward the risks of 
major surgery may be developing, based on the assumption that adequate 
supportive treatment (often to be given by some assistant) will offset all of 
the technical imperfections of a poor operation This attitude must be vigor- 
ously combatted in all of the centers of training, because, far from being 
satisfied with our present records, we must continue to strive toward the 
virtual elimination of operative fatalities If we face the matter honestly, we 
should recognize that we possess at this time the knowledge and the technics 
to guarantee a better than fifty-to-one chance for survival to every patient sub- 
jected to major surgical procedures That we do not yet meet this standard is 
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due more to human error in not applying all available knowledge than to the 
occurrence of events beyond possible prevention or control 

Therefore, an important avenue for clinical research is the unremitting 
and exhaustive analysis of the factors contributing to each death n Inch occurs 
as a consequence of the operation, rather than as a direct result of the patient’s 
disease If the death is due to the anesthesia, and fortunately such deaths are 
rare, there was probably a failure to maintain proper balance between oxygen 
intake and dose of anesthetic If the death is due to shock, or renal or hepatic 
dysfunction, there was probably failure to provide adequate and proper hemo- 
stasis and/or blood replacement, or else the patient’s pre-operative depletion 
was not sufficiently compensated If a catastrophic embolus is responsible, 
we may have failed to recognize early phlebothrombosis in a peripheral vein 
and thus missed the opportunity to supply appropriate preventive measures 
If death has occurred from pulmonary complications, we must ask ourselves 
whether we have given the patient the fullest benefits of tracheal suction, 
antibacterial therapy, the maintenance of full ventilation, and proper fluid man- 
agement If peritonitis or ileus has supervened, we must suspect technical 
errors at the time of operation, inadequate bowel decompression, or sms of 
omission or commission in connection with nutritional fluid, or electrolyte 
balance Since in this day and age the patient will certainly have been satu- 
rated with antibiotic agents, omission of the latter will probably not have been 
a contributing factor > This list of avoidable causes for operative deaths could 
be extended far enough to leave us with very few factors in mortality which 
are necessarily beyond our powers of control, but there are some areas in 
which active research should still be conducted, such as 

1 Improvement in our understanding of the effects of anesthesia and 
operation on hepatic and renal functions and of ways of offsetting such effects 

2 Better technics for rapid restoration of the debilitated patient so that 
the effects of operation will be better tolerated A really complete parenteral 
feeding regimen, allowing up to 4000 calories per day, together with ammo 
acids, and all of the necessary electrolytes and vitamins would be of great 
assistance to this end 

3 Some means for preventing thrombotic complications without the neces- 
sity to resort to drastic anticoagulant therapy 

4 Adaptation of methods of maintaining the stable state to the special 
requirements of aged patients. 

However, the greatest need m this area of operative mortality is not for 
research so much as for insistence on education m, and consistent practice of 
knowledge which is already available If it were generally known that two 
hospitals can exist within a radius of five miles m which the mortality risk 
for a major abdominal operation is approximately twenty times as great in 
one as in the other, there would not be as much self-satisfaction within t e 
profession as there seems to be 
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POSTOPERATIVE DEATHS 


The surgeon who frequently travels by plane may have experienced t' 
disquieting realization that the responsibility of pilot to passenger is qui 
analogous to that of surgeon to patient Without having had any basis f< 
judging the pilot's peisonal qualifications for the job, apart from the positic 
his employers have given him, the passenger has staked his life on the pilot 
ability to apply his technical judgment and skill to the handling of that ai 
plane He is counting upon him to bring the plane successfully through ar 
unexpected and dangerous situation which may arise in flight Since it is sai 
that 8o per cent of airplane accidents are due to pilot-error, it is essential th; 
the pilot make no mutakes A major difference between responsibiirt y ~ o 'f pih 
and surgeon is that the former shares directly in the consequences of his erre 
or neglect, while the latter does not. The least the surgeon can do is to lear 
all he can from each failure, whether it be his or another’s, and to keep to 
minimum those mishaps which could be said to be due to “pilot-error " 

By the same analogy the question might be asked as to whether the indi 
vidual patient is any better able to judge the competence of a surgeon than i 
the passenger to select his pilot In both cases selection must be based upo: 
the judgment of competent examiners rather than incompetent consumers o 
the specialist’s services Here again the pilot is by circumstances allowed onl; 
one serious mistake, while the surgeon may commit many and not even recog 
nize his own errors as such 

Research in factors contributing to postoperative deaths will go on, am 
succeeding years will undoubtedly bring many more advances to add to thos( 
already made However, these technics will only be applied successfully bj 
the surgeon who has not only been subjected to a long and disciplined train' 
ing, but IS also well enough educated in physiology and biochemistry to keej 
pace with the derangements which his more and more radical operations 
impose, and whose conscience requires him to give his best attention to the 
needs of each and every patient coming within his sphere of responsibility 

John S Lockwood 
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BOOK REVIEWS 


The Thyroid and Its Diseases, by James H Means, MD, Professor of Clinical 
Medicine, Harvard Univ, and Chief of Medical Services, Mass General Hosp and 
Edition 1948 571 pages Philadelphia, J B Lippmcott Company 

This IS a fine medical monograph It covers in an orderly, superbly arranged man- 
ner the entire field of the thyroid and most of its relations with other parts of the body 
With the same clear simple style that has always characterized Doctor Means’ lectures, 
the volume traces the subject from the embryologic and phylogenetic development of the 
gland through the historical and contemporary evidence regarding the nature and action 
of Its hormone, its interrelationships with other endocrine organs, hypothyroidism, hyper- 
thyroidism, nodular goiters and thyroiditis m their various forms It covers available 
experience in the use of antithyroid drugs and m the use of radioactive iodine Coming 
from the clinic in which the latter material received its first clinical trial it may be 
regarded as especially authoritative on this subject 

The chapters on pathology by Dr Rulon W Rawson and the chapters on surgery by 
Dr Oliver Cope are likewise excellent and enhance the value of the book 

Throughout the work the conclusions show the penetrating mind and well balanced 
judgment of a great clinician We are fortunate in having this remarkable presentation 
of Doctor Means’ accumulated information and experience in the field of his major interest 

J E Rhoads, MD 


Surgical Pathology by Peter A Herbut, Lea and Febiger, Philadelphia, 1948 


The author has undertaken an impossible task because in so small a volume it is 
obvious that the field cannot be covered However, there is a surprising amount of 
information and the illustrations are, for the most part, excellent and well selected The 
effort to co’'relate the clinical and pathological findings, and in particular, the diagnosis, 
treatment and prognosis, makes the book easy reading The references at the end of each 
chapter in a large part make up for the necessary omissions in such an abbreviated text 
This would make it, presumably, a valuable book for the surgeon not in constant contact 
with a laboratory of surgical pathology 

The greatest defect, which is partly born of the necessity for condensation, but not 
wholly, IS the dogmatic manner in which the material is presented There are some 
errors in fact some of which are quite striking, such as under carcinoma of the thyroid, 
the statement that “symptoms of thyrotoxicosis are present in from 13 to 34 per cent of 
the cases ” The errors seemed to be chiefly in the clinical discussion Nevertheless, they 
constitute a drawback, particularly when so categorically stated 

The volume could be used by students preferably as a quick reference rather than as 
a text It certainly contains a wealth of material and considerable effort has been made 
by the author to indicate the frequency and the clinical importance of the lesions under 


discussion 

There are some omissions, notably the pathology of the adrenal, the peripheral nervous 
system— the author has deliberately omitted the brain and spinal cord— and some neo- 
plasms, as for example, chordoma , 1 r ,-tT ,-,1 

The author is to be congratulated for a current and working handbook ot surgical 


pathology 


Virgin! 'V Kneeland Frantz, M D 
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RADIATION BURNS, INCLUDING VOCATIONAL AND ATOMIC 
EXPOSURES TREATMENT, AND SURGICAL PREVENTION 

OF CHRONIC LESIONS-’ 

Jajies Barrett Brown, MD,FACS,Fr vnic McDowell, M D , F A C S 

AND Minot P Fryer, M D. 

St Louis, Jlissouni 

FROM TUr DnPARTMCNT OF SURCFR^ WASHINGTON UNIVCRStTT SCHOOL OF MFDICINC, 

ST LOUIS, MISSOURI 

A STUDY or the development, pathology, course, and treatment of radiation 
lesions was recorded^ in May, 1949 Further work, including repair of atomic 
radiation lesions and the surgical prevention of chronic ladiation burns, is 
reported here, with a summary of essential findings from the first publication 
The value of radiation therapy and x-ray examination is not underesti- 
mated, and no suggestion is intended as a directional approach to problems in 
the use of radiation in any form It is hoped, on the other hand, that discussion 
of possible unfortunate ultimate results of radiation may lead to prevention, 
recognition and elimination of these burdensome troubles It is further hoped 
that the suggestion of “changing” the skin in an involved area befo? e serious 
trouble develops may lead to even wider application of radiation therapy and 
even more brilliant results (Fig 8) 

Diagnosis of ladtaHon lesions should be easy from appearance and histones 
It is mentioned here only to suggest that the element of suspicion that such a 
lesion might exist has been lacking in some instances and progress of the 
trouble has continued, often with irritant forms of therapy being added This 
occurs m doctors themselves as often as in any group 

S0U1 ces of bill ns are vocational, as in doctors (Figs i and 2) and dentists , 
therapeutic radiation, either in known huge dosage or accumulative small 
doses (Figs 3, 4, 5) as for acne, diagnostic, as m fluoroscopic examination, 
the lesions of which are frequently missed in diagnosis because of lack of history 
or lack of suspicion, commercial epilation (Fig 6), this being a source of 
damage that seems the most useless , and atomic radiation, either m laboratory 
or test workers, or, of course, victims in war time (Fig 7) 

* Read before the American Surgical Association, St Louis, Mo , April 20, 1949 
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ACUTE BURNS 

These result from large single exposures, or from exposures repeated 
closely over a short space of time, or from atomic radiation, and should have a 
conservative plan for their treatment, especially as far as amputation of extrem- 
ities goes Rest, sedation, prevention of infection, and alleviation of the severe 
pain are carried out, as well as grafting of open wounds as soon as it is felt 
that a free graft or flap will survive For burns of known surface extent, early 
excision and repair may be done, but even m these instances there may be 
surrounding involvement by a chronic process that becomes apparent later 



A B 

Fig i^ — (A) Fluoroscopic burns in surgeons fingers, fairly rapid development 
in three years’ time (B) Result of resection and repair with free split skin grafts 
One operation Function and freedom of trouble oDtained and patient able to scrub 
for surgical work 


CHRONIC BURNS 

The chronic burn is the type usually thought of, such as those seen in the 
hands of doctors These result usually from repeated small exposures over a 
long period of years, and the lesions are always getting worse Acute burns 
from single exposures may result in the development of chronic changes also, 
and for this reason, after subsidence of the acute stage, trouble still may be 
expected 

The lesion in the skin is dangerous because it is a progressive one with the 
ultimate stage of carcinoma being in sight — if the patient lives long enough 
Doctor Wolbach studied the pathologic changes and reported them essentially 
as coagulation, atrophy, endarteritis of the small arterioles, a compensation 
telangiectasis, clotting of the dilated vessels which gives the “coal spots,” 
epithelial activity to throw the “coal spots” off, which in time causes keratosis, 
ulceration, and finally, after a long continued wound stimulus, carcinoma This 
course requires five to 25 years, but is always progressne 
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The usual t}pe of eaicinoma is squamous cell, but basal cell giowths and 
even sai comas may occin This slow irieveisible piocess of continual epithelial 
activity, tiuiig to cast out the intradeimal foieign bodies of clots and necioses, 
IS pel haps the closest appioach \\c baA^e clinically to an ultimate cause and 
cle\elopment ol caicinoma 

It is possible that the eflcct on the vessels on the venous side of the circula- 
tion IS impoitant also m the changes that become iiieveisible This involve- 




B 



Fig 2 — (A and B) Hands of surgeon (A S A) with voca- 
tional burn from disregarding his own safety in interest of patients, 
with carcinoma having developed m several areas (C) Early 
result of wide deep resection and grafting, and of removal of finger 
that could not be repaired 
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ment is of no special clinical significance, but is mentioned as an addition to the 
pathologic process recorded ^ 

Effective ti eatment for the usual chronic burn is excision, and repair of the 
defects with free skin grafts or flaps A paradox is that treatment should be 
done early, or m a quiescent stage, rather than in an ulcerated infected stage 
This IS hard to get even doctors to go through with , but if there is pain as 
well, this IS an impetus to operation Removal of the area results in immediate 
relief of pain, and the patient usually makes this escape the subject of his first 




C 

Fig 3 — (A) Carcinoma in radiation burn from treatment of thyroid (B) Wide 
deep resection, including sternomastoid muscle and internal jugular vein, eMendmg 
to trachea (C) Repair with pedicle flap from chest 


expression on recovering from the operation The repair of the excised lesion 
may be done either primarily or secondarily, and there are many points o 
importance in designing and carrying out repairs of these resultant open areas, 

especially when features are involved 

In hands, especially those of doctors where the fingers have to de"h n 
a conservative approach should be made in view of possible troii e 
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lation Both the palniai and doisal sui faces should not be done at one time, 
and if the palmai sin face does have to be done, great care should be taken with 
the blood and neive supply in the dissection and m the diessing to prevent 
trouble It is imperative that at least one arteiy be maintained, and even then 



A B 

Fig 4~(A) Extensive change following roentgen ray treatment for 
plantar wart, with carcinoma having been removed previously from the burn 
(B) Result of wide deep excision and repair with thick split graft, one 
operation When there is sufficient soft tissue pad on tlie sole, free grafts 
can be used Otherwise, pedicle flaps are required 



ABC 

Fig S — (A) Radiation burn following treatment for fibroids Spinous pro- 
cesses and hgamentum nuchae involved with excessive discomfort and pain (B) 
Resection without immediate repair because of exposed bone and ligaments Pam 
relieved (C) Repair with adjacent flap and grafting of donor site of flap 


trouble with circulation may develop if there is sclerosis of the vessels beneath 
the excision 

When theie is known circulatory trouble present, it may be best to do 
cautery removal of isolated keratoses or ulcerations and allow them to heal 
individually A balance is that all possible fingers should be saved, but fingers 
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that have dangerous growths or hopeless function should be considered for 
removal 

On the palmar surfaces the skin is so keratosic anywa3f that the typical 
gross appearance may be misleading and the diagnosis confused for excessive 
keratosis of other origin 

The lesion, once developed, is irreveisible as far as is now known, and 
further radiation of any form as treatment might have the term malignant 
applied to It Occasionally, in late chronic burns with carcinoma already devel- 
oped, some protective or temporary radiation might be directed toward the 
malignancy If there is the possibility of alleviation of the carcinoma, this area 


A 



B C 

Fig 6 — (A) Extensive roentgen ray burn following commercial epilation treat- 
ment (B) Immediate appearance following resection and repair with split grafts 
One operation (C) Result 17 years later, showing normal appearance and persist- 
ence of function of the grafted skin 


and the suriounding chronic burn can be treated surgically later, but this 
further radiation treatment is not recommended if excision can be accomplished 
primarily 

Management of regional nodes where carcinoma has developed may lie 
the same as for other carcinoma These carcinomas do metastasize and small 
original lesions have proved fatal 

Peisistence of f miction m icpans aftei excision of chronic radiation burns 
usually occurs and the new skin covering lasts throughout life The patient in 
Figure 6 is shown after ry years, and may be expected to go on without further 
trouble, and others are known to be free of trouble over longer periods It 
may be occasionally indicated to do secondary excision and repairs because of 
surrounding tissue change several j'^ears after what has been thought to be a 
satisfactory removal This problem may have to be dealt with about the face, 
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where some limitation of excision may have been done originally to avoid 
damaging a feature 

It may be found that there is too much deep fibrosis and necrosis to permit 
of immediate lepair In the popliteal legion, to avoid nerves oi vessels, and 
on the sole of the foot, especially m acute fluoroscopic burns, the excision may 
not be carried deep enough to aiiive at an adequate minute blood supply that 
will carry either a free graft or a flap These areas may be dressed with split 
grafts to get all possible take and finally be repaired later, or the areas may be 
left open These points come under the statement above, that complicated piob- 
lems of plastic reconstruction may arise 

Late necrosis of underlying structures such as bone and tendon may occur 
occasionally in severe burns and require excision, or amputation of fingers, as 
reported by Dr S L Koch m the discussion of this paper 

Growth interference or failure of development to normal size of areas fol- 
lowing radiation in infancy and childhood may occur, especially about the face 
These areas may require replacement of overlying skin and restoration of fea- 
tures and this might come under the title of radiation burns, but problems heie 
are essentially plastic surger} problems 

Chronic atrophy, whether diagnosed as a burn or not, will piobably show 
up in practically every tumor area treated with radiation If it w^ere recognized 
that tins might happen and that the atrophic skin should and could be changed, 
then some resistance to radiation therapy might be overcome 

Atomic ladmftoii lesions may increase as work in turning mass into energy 
increases, and the incidence in the next war may be tremendous 

In time of war, fire and blast injuries may be greater in number than 
radiation injuries, but some of those surviving the blast and fire, and possibly 
many relief workers, wall suffer radiation burns, and these lesions are under 
consideration here 

Enough burns have been encountered among workers m the development 
and production stage of atomic work to give indications of what to expect The 
lesion produced by atomic radiation is not a new one entirely, but the time ele- 
ment of the development is faster than m the accumulative x-ray burn, due to 
the excessive exposure in a short space of time These bums usually arise 
from mistakes in security precautions, and add the ever present human element 
to the ultra in scientific w'ork 

Whether the radiation is Beta or Gamma may not be definite in some 
exposures, but as far as can be determined now'- the burns probably occur from 
both Beta and Gamma radiation Because of excessive dosage, symptoms may 
begin very soon after exposure, and blistering may occur m four to six days 
The blistering runs its course in about 30 days and there is either healing or 
sloughing, w'^ith resultant open wounds according to the degree of the exposure 
Exposures heavy enough to be fatal are not for discussion here 

Conservative treatment, especially about the hands, avoiding early amputa- 
tion, is indicated because hopeless looking fingers finally may be spared (Fig 
7 ) Relief of pain, prevention of infection, and general supportive measures 
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are the mam items of treatment Blood changes are not significant in patients 
with exposures over small areas, but there may be emotional disturbances in 
workers that require patient guidance, with recreating of hope for ultimate 
survival of the damaged parts 

Since these accidents aie apt to be of excessive local exposure, (12,000 r 
in a few seconds), more sloughing and ultimate atrophy may be encountered 
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Fig 8 — Prevention of chronic radiation lesion by resection and repair of area' 
before chronic change's occur (A and B) Active arterial neoplastic hemangioma 
involving skin of entire arm Amputation had been recommended (C and D) Arm 
with control of the active hemangioma by x-ray treatment given by Dr W G Scott 
and Dr Sherwood Moore (E and F) 'Arm entirely covered with thick split grafts 
after resection of the skin which wasn’t normal anyway, and which would have 
gone into chronic changes requiring removal Two operations 
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than m the usual x-ray burn, so that more amputations may be required The 
pathologic processes may seem more contracted in time, that is, the various 
elements of tissue changes may develop faster than in the usual chronic radia- 
tion burn This also is probably dependent on the large, sudden, sincrle 
exposure But these differences do not change the rule of being conservahve 
in the acute stage 

The pathology seems to be close to that already described for radiation 
burns (with the added sloughing and atrophy) and for this reason, at least as 
far as the skin is concerned, the same idea of treatment of excision and grafting 
IS indicated, but the burns are too lecent to predict how soon carcinoma may be 
expected m ungrafted areas It could be expected in ungrafted areas earlier 
than in the usual chronic radiation burns from accumulative exposures 

In snmmaiy for atomic radiation burns it may be said that they are prob- 
ably similai m pathology to the usual radiation burn The lesion in the skin is 
probably a progressive one after it is once established, and instead of getting 
better it will tend to get worse Conservative treatment, especially m reference 
to amputation, should be cai i led out in the acute stages When there is subsi- 
dence of the acute stage, open areas may be grafted to hasten lieahng When 
the chronic stage develops and the lesion in the skin is troublesome and its 
progressiveness is recognized, the involved areas may be excised and grafted 
with free grafts or covered with flaps as indicated Pam will almost alu ays be 
relieved by operation, and the new skm in the area will probably survive with- 
out further change, unless there has been deeper damage that will undergo 
necrosis from failure of blood supply because of damage to the deeper vessels 
After the area of the most acute burn is controlled by excision and grafting, 
there may appear later a chronic change in the surrounding tissues, and if this 
develops into a chronic radiation burn, the same process of excision and skin 
grafting can be followed as for any other chronic radiation burn This is best 
earned out before too much ulceration has developed Possibly some late 


amputations may be indicated, but the conservative rule can be followed 

Prevention of chi ante skm lesions in heavily ladiated aieas may be done by 
excision and grafting befoi e the chronic changes occur The baby shown in 
Figure 8 had a total involvement of the right arm with an active neoplastic, 
arterial hemangioma She was sent in with amputation reconiinended It i\as 
known that the overlying skin was no good anyway, and it u as thought that if 
the activity of the tumor could be stopped, then the skin could be changed 
before seiious late lesions developed X-ray treatment nas carried out by Dr 
W G Scott and Dr Sherwood Moore, and the brilliant result shown in (b) 


and (c) was obtained without furthei activity of the tumor occuinng 

The scarred skin of the entire arm was then resected, and replaced with 
th.ck split grafts m two 6pmhons, and the child has normal fuiKt.oi, and no 
further trouble To all appearances, complete rehabilitation has been effec cd 
This saving of the arm by radiation, and the prevention of the late bad e 
of the therapy by surgical resection and restoration ivitl. skm grafts, is tl, ought 
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to be of worth-w hile consideration, and possibly to open up wider fields of use- 
fulness in the radiological management of seiious crippling lesions 
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Due to unforeseen difficulties, some illustrations of facial lesions were omitted at 
the time of publication of this article 


Discussion — Dr Robert H Iv\, Philadelphia A considerable proportion of the 
practice of the average specialist m plastic surgery is the repair of damage caused by 
irradiation— frequently, it is true, following justifiable treatment for cancer, but just as 
often for benign conditions where primary surgical treatment would have avoided this 
damage and rendered late secondarj’^ operations unnecessary in many cases 

I can onh confirm what Dr Browm and his associates have stated regarding the 
indiscriminate use of \-rays and radium for benign grow'ths and inflammatory and other 
skin lesions This irradiation damage does not occur only in the hands of the inev- 
perienced radiologist We ha\e seen many cases from the clinics of men of the highest 
standing and experience 

I believe much good could come from presentation of a paper of this type at one 
of the large radiological meetings, because many radiologists do not seem to be aware 
of these late reactions 

The slides represent one or tw'o cases of irradiation damage requiring excision of 
the lesions and secondary repair of the resulting defects 

May I close by quoting the last sentence from an editorial in the Journal of 
the American Medical Association for September 18, 1948 (138 214, 1948), entitled 
“The Hazards of X-Ray” “Roentgen treatment for benign conditions should be used 
only w'lth a vivid appreciation of its capacity for harm, and with an overt evaluation 
of its presumptive benefits w'eighed against the known and possible injuries inseparable 
from its use in effective dosage ” 

Dr Sumner L Koch, Chicago I am sure every one of us would be happy to secure 
results such as Dr Browm and Dr Ivy have shown here In listening to Dr Brown’s 
discussion of this problem and seeing his cases, I am always impressed with the difficulties 
and the serious problems which they present I am also impressed by the fact that none 
of these difficult cases are turned away, but that they are helped and often almost 
unbelievably improved 

I would like to show tw'O cases, the first an acute radiation injury much like that 
of the young doctor whom Dr Browm showed 

(Slide) This patient came to us after having spent two days before Thanksgiving 
and the day after, examining fuses under a fluoroscopic screen She had spent a total 
of 24 hours at this wmrk and came to see us ten days later 

(Slide) At that time her fingers looked as though they had been extensively infil- 
trated with a local anesthetic They were red, white, over areas of greatest tension, 
and greatly swollen 

(Slide) After about a week of daily dressings the sloughing skin separated 
(Slide) We were able then to apply skin grafts over the raw surfaces 
(Slide) The skin grafts healed kindly, and for two years the patient was able 
to continue her regular work Then she returned with degenerative changes beginning 
to appear beside the areas which had been grafted 
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( lide) Since that time it has been necessary to remove the greater nart nf tl,n 

,T‘J5 ““ »'"< "■= »l'll feci "l 

the problem of further surgical work on this patient 

's ^ continuing problem 

( ide) A second type of case which has proved difficult for us has been the 
patient with injury of the ventral and dorsal surfaces of the lower trunk after cxccssne 
radiation for an abdominal tumor 

(Slide) This patient was treated by raising flaps from both buttocks and rotating 
tiem medialward A part of the flap which was to cover the sacrum was lost anti it 
was necessary to complete the repair with free grafts Healing has now persisted for 
two years The fact that the radiation injury always extends more widely than is 
apparent from a surface examination adds to the hazard in raising and transferring 
a flap in these cases 


(Slide) A year after the first senes of operations the irradiated area on the vcntnl 
surface broke down, and it was necessary to carry out repair of this area 

(Slide) This was accomplished by wide excision and covering of the raiv surface 
with a single pedicled flap 


De Rudolph Matas, New Orleans I cannot resist the temptation to join in 
this discussion, as x-ray and radium burns have a special appeal to the men of ni> 
time, in whom pioneering in x-ray and radium therapy was somewhat of an adventure 
involving risk to both the doctor and patient Ignorance of the proper technic, lack of 
experience, and the universal curiosity to see the rays at work searching for lost bullets 
or foreign bodies, or the setting of broken bones, led to prolonged exposure of the 
patients m various parts, and of the doctors’ hands, without adequate protection It 
was only until many disasters, including amputations, hastened the development of a 
better technic that finally, as at present, the dangers of x-ray and radium burns haxc 
become practically negligible in competent hands But the reports we have just heard 
show that notwithstanding all the improvements in radiology, the risk of late necrogenic 
dermatitis and malignant transformation of the irradiated areas still exists and is far 
from negligible 

I recall many young medical \-ray pioneers who suffered from x-ray burns of the 
hands caused by prolonged exposures without adequate protection , and it is in this 
group that the chronic radiodermatitis, followed by cancer of the fingers and hands, 
were most frequently incurred 

I am well acquainted with the young Spanish surgeon referred to by Dr Brown 
He was following a course m plastic surgery and availed himself of the opportunitj 
to get rid of a chronic radiodermatitis which he feared was the precursor of cancer 
I am pleased to confirm that Dr Brown’s excision of the affected areas, followed w 
grafting, has yielded excellent results, physiologically and cosmetically, leav mg t 
fingers and hand free to perform the most delicate plastic operations The fingers o 
the opposite hand, showing a marked tendency towards subsidence of the eruption. 


were not operated upon uMipvo 

Incidentally, x-ray and radium burns are exceedingly painful, and I do "ot ^ 

anything exceeds the constant torture of a radium burn The relief o pain is 
a great problem m dealing with x-ray and radium burns Extirpation ^ 

areas ,s the most certa.n mode of obta.o.ng pX ol 

generally adopted until about 1908 and 1909, when Charles Allen ° , y, 

hfs advocacy ot evc.s.on m precaacer.os taons Bat evt j..oa .s », appto* 
to all cases especially those involving certain widely spread and Mt ,,tures 

able forS s Tek dcv.sed and toed, almost all the effective ones endms m m.v « « 

coma.mToP-'” I* ” 

604 



Tolumo 130 
^umbe^ 4 


RADIATION BURNS 


come to the rescue after a long gamut of soothing and healing dermatological applica- 
tions had been tried and faded This remedy was the so-called “Fisher Fluid,” which 
I first saw announced in the London Lancet of October 29, 1913 It is named after Dr 
J L Fisher, Director of the Municipal X-ray Clinic at Copenhagen, Denmark It is 
purported to be a compound of horse serum treated with Trypsin, freed from coagulable 
substance, Iiofse saliva and 54 of i per cent carbolic acid as a preservative This fluid, 
which became known in the trade as “incitamin,” had a very considerable circulation 
in America, once its soothing and healing properties became known It was applied to 
the diseased surfaces on gauze compresses soaked in the fluid, the gauze kept always 
moist The second world war interrupted the importation and the manufacture in this 
country It was claimed that incitamm was a specific It certainly relieved pam and aided 
as nothing else did 

One of the most terribly impressive and distressing examples of the cruel and deadly 
effects of the x-ra3's when applied m massive (brutal) and prolonged doses and delivered 
at a short distance upon an unprotected surface, was that of a young woman from 
Vicksburg who had been treated for a small non-toxic goiter by an ignorant and un- 
scrupulous quack This happened in the winter of 1898, close to the beginning of the 
Roentgen era 

When I was called to see this patient she was practically moribund, m a stupor 
from a profound toxemia and marasmus caused by an acute necrotic laryngo-pharyngitis, 
with almost total obstruction of the air passages compelling an emergency tracheotomy, 
and an acute inflammatory stricture of the pharynx and upper esophagus, blocking the 
way to all food and drink. Widely diffused radio-dermatitis had spread over the neck 
from the chin to the sternum The skin was intensely cyanotic about an incision to 
evacuate pus, plus a necrotic laryngeal cartilage Pneumonia, with edema of the lungs, 
fortunately brought on an early end to this fearful, gruesome pre-cadavenc picture 

Another phase of the x-ray problems which still remains as a sequel to therapeutic 
radiation — the predisposition, or transformation, or metaplasia of radiated tissue, to 
cancer, the “x-ray cancer” — is tragically and most impressively told in the story of 
Dr E K of New Orleans, one of the dental profession’s most distinguished leaders, 
and the first m the world to demonstrate the enormous diagnostic value of the x-ray 
in dental practice (1896) Dr K had begun experimenting with x-rays almost immedi- 
ately after Roentgen’s epochal discovery (1895) Dr K, though one of the greatest 
masters of x-ray technic, shared the fate of his early radiologic contemporaries, who, 
in exposing their hands freely to the rays, developed a radio-dermatitis which pre- 
disposed to malignant infiltration, which in this case began at the finger tips of the left 
hand and spread from one finger to another and then to the hand, compelling the am- 
putation of these parts But this was only the beginning of a series of amputations which 
followed in quick succession from the hand to the forearm and up the arm to the level 
of the armpit In all, 35 operations were performed Finally, when malignant ulcerations 
began at the stump of the arm he began to cough and expectorate blood This was the 
last line of defense All the signs announced that the vital citadel had fallen m the 
hands of the enemy He had endured the pain and the continued distress of three years 
of suffering He had reached the limit of endurance, and, though a tremendously cour- 
ageous and determined man he could go no further, and on the morning of May 7, 
1928, he was found dead in his office with a bullet through his brain That is how this 
heroic sufferer put an end to his martyrdom and found relief 

Strange as this paradox seems of the subservience of radiation to cancer, it is more 
easily explained than the, at one time, mysterious process by which the tissues — ^after 
having been successfully x-rayed for the prevention of recurrence after operations for 
malignant disease, or further prophylactic purposes — retain a necrotizing potentiality 
in the radiated areas which does not manifest itself until the lapse of months or years, 
even three and four years, after the prophylactic rays have been applied 
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This, fortunately, is not a frequent phenomenon, though it is alwais possible when 

we understand the mechanism of Its production 

As far back as 1923* I reported two cases of this delayed or latent hpe of x-rai 
burns (necrogenic radioactive dermatitis) which deserves more general recognition than 
It has received 

In one case, a young woman. Miss A B , 25 years of age, was treated bj radiation 
for a small toxic goiter The patient was treated cautiously and serially at long inter- 
vals by an expert, the treatment being discontinued with the first appearance of an 
erythematous blush All x-ray treatment ceased as the patient, after three months of in- 
termittent radiation, was apparently completely recovered and well At the end of four 
years of apparent cure and good health, a peculiar progressive dermatitis made its 
.appearance m the neck, extending from the chin to the sternum and, lateralh, to the 
clavicles Necrotic patches and sloughing areas began to appear along the whole surface 
of the radiated area, which became very foul with ichorus discharges coincidentally with 
these local lesions, and the patient began to develop septic sjmptoms, delirium, fe\er, 
and stupor, with loss of vesical and rectal control The secretions from the slough 
were particularly offensive With these evidences of a profound toxic state Dr S, the 
attending surgeon, decided after consultation, to excise the entire diseased area, doing 
this in several sections The patient immediately began to improve, and by the end 
of the ninth week was allow'ed to return home with her mind completely restored 
The wound was slow in healing but it finally yielded to extensive and repeated grafting 
Seven years after a complete recovery she married and continued well 

In another patient, a wndow of 58 years, the outcome was not so favorable After 
undergoing a very sweeping mamectomy on Halsted lines she remained apparent!} well 
both locally and constitutionally for three years (1903-1907), when a diffuse sloughing 
dermatitis appeared over the field which had been prophylactically radiated after the 
operation The dermatitis appeared in patches, which gradually coalesced, leaving a \ast 
surface of grey putrid skin which on removal left a foul grey area of unhealthy granu- 
lations and exudates, and which resisted all efforts at healing, or grafting A radical 
extirpation of the entire surface of the left pectoral region was impossible, as it would 
have necessitated a solid resection of the entire thickness of the chest wall without 
any available skin flaps to cover the vacant space This patient died 18 years after the 
original appearance of the delayed x-ray burn The history of this patient was one of 
a long series of complications and vicissitudes, the death caused by prolonged suppura- 
tion, inanition, general cachexia, and exhaustion 

[Added commenfaries since the discussion by Di Matas ] The detailed ston of 
this patient w'as given in a discussion previously referred to in the Am Surg Trans 
for 1938 

The pathogeny of this type of long-delayed burns was fully explained in a paper 
by Dr Karl Grasman of Munich in 1923 (Deutsch Zeitscnft fur Chirurgie, 149 
1923) In this case Grasman reports the appearance of an x-ray ulcerative dermatitis 

which appeared four years after the patient had fully recovered from a fibro-mjoxoma 0 
the uterus which had been treated by x-ray radiation The necrotic and ulcerated areas 
in the lower lumbar region and buttocks had resisted all forms of treatment until tlic 
diseased necrotic area was totally extirpated After this was done complete recoierj 
followed, fully confirmed two years after the operation Professor Duerck, who mac 
very thorough study of the radiated tissues, determined that the 
caused by a primary radiogenic proliferation of the vascular endothelium of arte 
and capillaries of the radiated region, specially affecting the vessels of the derm 


* See R Matas, Discussion of paper on “X-ray Burns and Their Surgical Treat 
It" by C A PoAer, MD and S B Wolbach, MD_in Trans Am Surg Msn, 
462-467, Vol 41, 1923 
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subcutaneous connected tissues, lending to a progressive and fatal ischemia and nutri- 
tional disturbance of the radiated fields 

In suniniing up the results of my observations and evpeiience, I need only repeat 
the conclusions arrived at in the previously quoted paper read at the meeting of this 
Society at Rochester, Almnesota, in 1923, \i7 “that once an x-ray burn is confirmed 
and especially if it has advanced to ulceration, practically nothing will accomplish a 
cure but a total excision of the entire diseased area , that is, pi ovided this can be covered 
with health} well-nourished flaps or by grafting provisionally on a perfectly healthy 
base,” and with the proper judgment and skill displayed by Dr Brown in his exhibit 
here today 
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The blood supply of the small intestine is not a new field for investigation 
Andreas Vesalius,^ in 154O) presented an interesting, and for that day, surpris- 
ingly accurate illustration of the small intestine and its blood vesselsf (Fig i) 
Since then our knowledge of the blood vessels of the small intestine has been 
greatly amplified Upon a few points which have long awaited clarification, 
many differences of opinion persist among surgeons Further, certain erron- 
eous ideas, long since disproved, repeatedly recur in the surgical literature of 
today Hence, it seems worthwhile to review briefly some of the more out- 
standing contributions to this field and to summarize the results of additional 
investigations carried out in our own laboratories during tbe past ten years 
The duodenum, obviously a part of the small intestine, has been well studied 
by Wilmer^ and will not be considered in this paper which is concerned only 
with the blood vessels of the jejunum and ileum, that portion of the small 
intestine which lies between the ligament of Treitz and the ileocecal valve 
This area is supplied exclusively by the supenor mesenteric artery, a branch 
of the abdominal aorta, and is drained by the superior mesenteric vein, a 
tributary of the portal system For purposes of discussion it is convenient to 
subdivide the blood vessels of the small intestine into two groups ( i ) Those 
vessels (extra-intestinal) which he between the wall of the intestine and the 
superior mesenteric trunks, referred to as the mesentenc vessels, and (2) 
those which he on or within the wall of the intestine, called vuoal vessels 
Usual descriptions of the mesenteric vessels are in agreement so far as- the 
larger arteries and veins are concerned This is to be expected, for thej' are of 
such size, and are so placed that their demonstration is relatively easy The 
vasa recta, and to an even greater extent the vessels within the intestinal wall, 
present much greater difficulties in study, usually requiring injections and 
other special technics As a result many discrepancies are to be found among 
the descriptions of these fine r radicles of the intestinal circulation This 

This investigation was supported by a research grant from the Dnision of Research 
Grants and Fellowships of the National Institute of Health, U S Public Health Senicc 
Read before the American Surgical Association, St Louis, Missouri, April 21 , 1949 
t The accompanying text describes tbe intestinal arteries arising from a arge ru 
from the aorta, giving off branches Yvhich branch in arborescent fashion to communi 
with each other within the intestine Similarly formed veins are described as joinii g 
portal system Yvhich leads to the liver 
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emphasizes the fact that technic for vascular study must be carefully chosen 
for suitability to the problem, and the results critically analyzed if one is to 
avoid the hazard of contributing to misinformation rather than adding to 
knowledge 

Dwight® in 1898 described the human small intestinal vessels before the 
Association of American Anatomists, and published his findings in somewhat 
different form in the Anatomische 
Anzeiger in 1903 ^ This is one of 
the earliest and best descriptions, 
brief but accurate, and he clearly 
recounts the characteristics of the 
arcuate vessels and observes that the 
vasa recta do not intercommunicate 
between their origin and the point 
where they join the intestinal wall 
The classical papers of Monks® are 
familiar to all surgeons, and added 
greatly to understanding of the in- 
creasing complexity of the arcuate 
system and greater amounts of fat in 
the mesentery in the distal portions 
of the intestine Eisberg® reported 
a most complete study of the small 
intestinal circulation in both man 
and the dog, and Cokkinis®' pre- 
sented detailed findings based upon 
injection studies of human intestines 

Comparative studies of the small 
intestinal circulation were reported 
by Mall^^ who presented a thorough 
study of the dog with particular portrayed by Andreas Vesahus 

attention paid to the finer ramifi- 
cations, by Bradley^® who gave a brief but accurate account of the mesen- 
teric vessels of the dog, and by De Blasff® who compared the branches of 
the superior mesenteric artery of dog and man, believing the latter to be 
better suited for efficient revascularization Dieulafe^^ used radiopaque 
media for comparing the mesenteric vessels of the dog and rabbit Mor- 
toffi® published a most interesting comparison of the relative vascularity 
of the duodenum and ileum of the dog Latarjet and ForgeoU® described the 
jejunal and ileal circulation of man, dog, cat, horse, pig and rabbit One of us 
(Noer ) presented a detailed comparative study of the small intestinal circu- 
lation of man and certain laboratory animals Much of this work is summar- 
ized later in this paper, as essential background 

Experim ental mesenteric occlusiop. a most useful technic for studying col- 
jaleial circulation, has formed the basis for considerable investigation The 
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literature covering this phase of the problem was reviewed in a previous puli- 
hcation on this subject by Derr and Noer^® and vill not be considered again at 
this tune Similaily, leferences to previous woik on the effect of distention 
upon blood flow through the intestinal wall may be found m the paper on tins 
subject by Noer and Derr^** 


TECHNICS 

Anatomical studies of the blood vessels of the jejunum and ileum reported 
in 19431- were based upon five human autopsy specimens and 29 specimens of 
14 species of animals Since then additional injections have been made m 
three rabbits, three dogs, two rats and two hamsters Further, careful check 
upon the accuracy of the human findings has been made during the course of 
revascularization studies of 29 loops of human intestine Thus the morpholog- 
ical descriptions detailed in this paper are based upon obsen^ation of 34 human 
autopsy specimens, nine dogs, five rabbits and 26 other animals 

Injection technics have formed the basis for conclusions as to morphologj' 
Our earliest studies utilized the celloidin injection and corrosion technic 
described by Hmman, Morison and Lee-Brown This provided excellent 
demonstration of the intestinal vessels, but the relationship of the vessels to the 
intestinal wall is not shown, so we rather early changed to the use of clearing 
technics after the method of Spalteholz Liquid latex, as described by 
Batson,"^ proved to be an ideal medium for this A modified combination of 
the technics of Batson and Spalteholz was described m detail in the 1943 pub- 
lication The findings in cleared specimens in that report were checked by 
radiopaque injections of bismuth oxychloride after the method of Hill 
More recently specimens have been cleared in uncatalyzed polystyrene, then 
embedded in catalyzed polystyrene, cured by heat This results in the most 
satisfactory method which we have yet encountered The transparent plastic 
mounts are permanent, nearly unbreakable, and provide specimens equally 
suited to gross or microscopic study 

Mesenteric occlusion experiments were carried out in dogs Three types 
of ligation were practised (i) Intestinal arteries alone, in varjung number, 
(2) arteries, veins and nerves, and (3) veins alone Ligation in continuifi 
was done in 38 dogs, but because of doubt as to completeness of interruption 
all experiments were repeated with double ligation and division in a total of 83 
additional dogs Autopsies demonstrated the results in dogs which succumbed, 
and those which survived were sacrificed for autopsy after 10 days 

For further investigation of the mode of revascularization India ink m 
bovine plasma was injected in additional dogs after selected ligations as aboAC, 
and the findings recorded by slow motion cine-photography The India ink 
in bovine plasma was chosen because its viscosity^ and particulate size appr^i 
mates that of blood, because its osmotic pressure is such that edema and diffu- 
sion from the vessels does not occur, and because its blackness is ideally suited 
for recording by cine-photography the course taken by the medium A c ose 
correlation was demonstrated between the length of loop nhicli the anmia 
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would survive in life and that which could he filled hy injection As a result 
It was felt justifiable to use this appioach for a study of revasculai ization in 
human autopsy material In all, nine human loops were studied, togethei with 
20 dog loops, 15 from the lahbit and seven fiom the opossum 

The effect of distention on the efficiency of the anastomotic mechanisms 
was studied by similar experiments aftei introduction of balloons into the 
intestine Intraluminal pressures were recorded wnth mercury manometers, 
and w^ere varied during the course of injection wdiile lesults w^ere recorded for 
repeated study hy slow' motion cine-photography A total of 20 human autopsy 
specimens w'ere utilized for this phase of the investigation 

It occurred to us that a natural extension of this w'ork w'ould be the use 
of “Roux-Y” loops for determination of the degree of mobility possible with 
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Fig 2 — Basic pattern of the small intestinal circulation A In- 
testinal vessels, B Arcuate vessels, C Vasa recta, D Mural 
trunks and anastomoses 

this piocedure It soon developed that this approach might also piovide addi- 
tional information as to the effects of distention upon partially devasculanzed 
intestine The technic and results are detailed later m this papei 

RESULTS 

Detailed analysis of the comparative morphologic findings ajDpears in the 
1943 report Since then additional animals have been injected and many of 
the original specimens have been carefully re-studied wuth the aid of a binocular 
microscope wnth particular attention paid to the finer ramifications wnthin the 
intestinal w'all Hence it apj^ears desirable to 1 estate some of these findings 
w'lth slight changes in the finer details as viewed in the light of 0111 subsequent 
studies 

The liasic pattern of the small intestinal circulation is illustrated diagram- 
niaticallv m Fig 2 All species conform to this basic plan though individual 
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variations are pronounced and at times even extreme as in the case of the pig 
The superior mesenteric artery gives rise to a senes of intestinal arteries which 
are joined by vessels which form the arcuate system From the most peripheral 
of these arcades arise the vasa recta, smaller and shorter vessels which pass 
to the intestinal wall Upon reaching the latter, t hey pass e ither to one side or 
the other of the intestine or bifurcate to send a branciTt^both sides 
vessels, now called mural trunks, pass into the wall of the intestine where they 
branch and anastomose freely with one another in a manner varying according 
to species It is thus apparent that there are two principal anastomotic routes 
(i) The arcuate system, and (2) the intramural anastomoses 

In man (Fig 3 a and b) the intestinal vessels vary in number between 12 
and 16 The arches, simple and primary m the upper jejunum, increase in 
complexity in the more distal portions of the gut so that secondary, tertiary, 
quaternary and even quinary loops may be demonstrated The vasa recta 
arise from the most peripheral arcades, and never intercommunicate between 
the peripheral arcade and the intestinal wall Once the latter has been reached, 
however, the intercommunications between the mural trunks are abundant, 
in the jejunum and upper ileum by way of direct intercommunications passing 
obliquely along the wall, and m the lower ileum by a free plexiform type of 
anastomosis (See discussion of intramural anastomoses below) 

The dog (Fig 3 c and d) presents a pattern varying considerably from this 
Here the arcades are large, seldom become more than secondary or at the most 
tertiary and, for the most part, he in close proximity to the intestinal wall As 
a result the vasa recta are short and unlike those of man they abundantly inter- 
communicate, producing a free mesenteric border arterial anastomosis — a situa- 
tion which does not exist in man The intestinal wall of the dog is rather thick 
but the mural vessels show much fewer direct intercommunications than is the 
case in man, the majority of intramural anastomoses being through a plex- 
iform type of intercommunication 

The dog has been described in some detail because of its considerable differ- 
ence from the human pattern and because of its frequent use as an experimental 
animal Other species have been described in the report mentioned above and 
It does not seem appropriate to include details in this paper It is worthy of 
note, however, that most species show a resemblance to either the human or the 
canine pattern of mesenteric vascular morphology Table I lists, by common 
name, the species which fall into these various patterns ( See also Fig 4) 

The anastomoses within the intestinal wall tend to be characteristic of 
species Figure 5 shows the three types of intramural anastomosis most fre- 
quently seen (See also Figs 3 and 4) Type A, direct intercommunication 
between mural trunks by good-sized oblique vessels is characteristic of man, 
particularly m the jejunum and upper ileum Type B m which the mural 
vessels break up into plexuses which then intercommunicate by much smaller 
anastomoses, is characteristic of the dog and of the terminal ileum of man 
Type C shows arching interco mmunicating vessels passing betw een the mural_ 
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trunks m an axis n aralielAo the lon g ax is of the int^ e ThlO>.attem_is 
diaracteristic of the rabbit^ to a lesser extent of the opossum and reaches its 
highest degree of development in the rat 

The mesenteric occlusion experiments carried out m the dog^^ revealed 
several interesting facts with reference to the ability of this animars jejunum 
and ileum to withstand circulatory interruption Contrary to previous reports, 
in this series interruption of any or all of the mesenteric supply to a 15 cm 
segment of dog’s small intestine resulted in death of less than half the animals 
so treated Also, contrary to the usual assumption, the venous ligations pro- 
duced no higher mortality than interruption of any other vessel or combination 
of vessels Tt was further shown that in this animal comnlete_ vascular depnya; 
tion of a segment iq cm o r l ess m length could not be accomplished uniforml y 
byjnteixiiptjon of i ntestina l and a rcuate v^els T his was considered presump; 


Table I — CompaiaHve Chssificatmi of ihc Jejunal and Ileal Vasculat Patterns 


"Human ’ Pattern* 

"Canine” Pattern^ 

Others’ 

Man 

Dog 

P*g 

Chimpanzee 

Cat 

Marmot 

Opossum 

Rhesus monkey 

Sheep 

Rabbit* 

Raccoon 

Goat 

Wallaroo 

Guinea pig 

Rat 

Hamster 

Red fox 



>“ Human' faUern Wei! developed arcuate vessels relatively long vasa recta which do 
not intercommunicate, mural vessels joined for the most part by good-sized oblique 
vascular branches 

* Caiitftc’ {laUern Relatively simple mesenteric arches which he adjacent to the 
intestinal wall, short vasa recta which abundantly intercommunicate mural trunks 
joined by pleviform anastomoses 

*0(fter itoUerns, Jejuna! and ileal vessels intermediate betiveen" human" and‘‘canine'’ 
types (marmot and rat) or differing in marked degree from both (pig, sheep goat) 


The rabbit shows occasional failure to complete its mesenteric arcades (Fig 4), 
hence ha's a less efficient revascularizing potential in these areas 


live evit ku££.that sojue r evascularization must occur hv wnv nf the intramural 
anastomoses. This study fuither showed no significant difference between the 
levasculanzmg potential of different levels of the small intestine 

Additional studies"** were undertaken in an effort to determine the exact 
means by which revascularization took place following mesenteric interruption 
It was shown that there is a close correlation betw^een the degree of vascular 
deprivation which dogs can survive and the amount of intestine which can 
successfully be filled by injection under similar circumstances It thus appeared 
that injection technics might provide a suitable means for investigating revas- 
culanzmg abilitj' not only in the dog but also in man where ligation and sur- 
vival experiments are obviously impossible These studies revealed that 
approximately 15 cm is the maKimnm tnfpc^f inp whtrh can success- 

full y be fillei _3^uth jnie^tjoa. -media, after mesenteric vascular deprivation 
Division of intestinal arteries alone resulted in filling of the interrupted arcuate 
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system from adjacent intact intestinal arteries When interruption of the 
arcuate system at either extremity of the loop was added to division of the 
intestinal arteries, filling took place by M^ay of vessels zvifhin the wtestiual zuall 
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Fig 3 —Photographs of latex injected and cleared loops of intestine A Human 
jejunum, B Close-up of human ileum, C Dog jejunum, D Dog ileum 

thence through the vasa recta into the isolated arcuate system and thence to 
the remaindei of the loop through this arcuate system and its vasa recta Sur- 
prisingly enough, interruption of the intestinal arteiies and arcuate t esses 
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plus all of the vasa recta to the loop under study was followed by filling of the 
entire loop by way of the intramural vessels and their anastomoses This 
occurred with complete regularity in man, opossum and rabbit Only in the 
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Fig 4 — Photographs of latev injected and cleared loops of intestine A Opossum 
jejunum, B Opossum terminal ileum, C Rabbit jejunum, D Rabbit ileum 


dog did 15 cm loops occasionally fail of complete filling m their central portion 
It vas felt that this situation might be explained by the type of intramural 
anastomosis present in this animal, and it \\ as this finding more than any other 
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which Stimulated our re-study of the intramural anastomoses mentioned under 
morphologic findings 

These results raised the question as to the possible influence which disten- 
tion might have upon this revasculanzing potential The experiments just 
referred to were repeated after production of varying degrees of intraluminal 
distentioni» and it was shown that pressures of 6o to 70 mm mercurj^ pre- 
vented all intramural filling by injection, even with the mesenteric system 
intact Filling of the larger intramural vessels occurred at 40 to 20 mm 
mercury but complete vascular filling occurred only in the absence of distention 



Fig 5 — Types of intramural anastomoses (see also Figs 3 and 4) A Direct 
communications between mural trunks, eg, man B “Pleviform” type of anasto- 
mosis, eg, dog C Arching type of intercommunication, eg, rabbit, rat 


In intestinal loops subjected to complete mesenteiic vascular deprivation (i e, 
interruption of all vasa re cta J o th e loop ), filling of the deprived area by way of 
the intramural anastomoses could not be obtained until complete decompression 
had been accomplished 

“Roux-Y” experiments, not previously reported, have produced additional 
interesting data Fig 6 is a diagrammatic representation of the procedure in the 
first series The small bowel was transected 5 to 10 cm beyond the ligament 
of Treitz, and the distal end closed with a double layer of sutures A 15 to 25 
cm segment of intestine immediate!}'’ distal to the point of transection was then 
freed by dividing the mesentery near its root but preserving its arcuate system 
The proximal cut end was then anastomosed to the jejunum at the distal end 
of the free segment resulting in a typical “Roux-Y” loop, closed at its free 
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P'lG 7 — Diagram of procedure in second senes of 
‘Kou\-\” experiments (addition of proximal entero- 
enterostomy) 
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end Seven dogs were subjected to this procedure Postoperatively all of 
these animals were severely ill, and all but one of them died within one to si\ 
days Postmortem examinations revealed the free loops to be dilated Gan- 
grenous, and in most instances perforated One animal with a 25 cm’ ?oop 
survived after an extremely stormy postoperative course 

The procedure in the second series of seven dogs is represented in Fig 7 
Here, in addition to the “Roux-Y,” a proximal end-to-side entero-enterostonn 
was also performed to vent the free loop into the intestine One animal with 
a 25 cm loop died on the first postoperative day Postmortem examination 
revealed no dilatation but a 3 cm area of infarction and peiforation at the 
pioximal end of the distal segment The remaining animals showed very httle 
postoperative reaction, remaining alert and undistended, with good appetites 
They weie sacrificed for autopsy approximately one month after operation 
The loop of gut in question was of compaiable appearance to the remaining 
intestine, and the anastomoses were patent There was no evidence of 
distention 


In summary, six of seven dogs in whom a “Roux-Y” anastomosis with 
a blind segment was performed died in fiom one to six days postoperatively 
with loops which showed dilatation, gangrene, and perfoiation The single 
animal which survived did so only after a protracted stormy postoperative 
course In contrast, six of seven dogs in whom the loop w'as decompi essed by 
a proximal entero-enterostomy^ survived, and reoperation revealed tlie loops to 
be normal in appearance (See Fig 8) 


DISCUSSION 

The morphologic studies have clarified onr understanding of the vascular 
pattern in the jejunum and ileum of man, and we hope they may correct some 
of the discrepancies to be found in the literature The comparative material 
has been briefly reviewed because of our firm conviction that too little attention 
IS paid to species peculiarities in the choice of experimental animals There is 
far too widespread a tendency to select animals on the basis of convenience to 
the investigator rather than upon suitability of a given species to the proposed 
investigation The almost universal selection of the dog for experimental work 
upon intestinal obstruction and its circulatory'^ disturbances is an outstanding 
example of this point The mesenteric circulation of this animal is perhaps 
somew'hat more abundant than that of man from w'hose pattern it differs 
markedly The intramural circulation, on the other hand, appears to he 
definitely less efficient to such an extent as to require considerable care m the 
interpretation of results obtained from the use of this animal The opossum 
and the more readily available rabbit both resemble man far more closeI\ w ifli 
respect to both the mesenteric pattern and the intramural vessels Our subse- 
quent studies herein reviewed thus lend further weight to one of the statements 
expressed m our 1943 paper “These conclusions emphasize the fact that i 
findings are to be applied to man the experimental animals should be chosen 
only after careful investigation has shown a someivhat similar inorp 10 ogic 
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Fig 8 — Postmortem specimens obtained after two types of “Roux-Y” experiments 
A Specimen, Series I, showing dilatation and hemorrhagic necrosis of the free loop, 
without perforation B Specimen, Senes I, showing dilatation, necrosis and perforation 
of free loop (Pointer indicates site of perforation) C Specimen, Series I, showing 
necrosis with perforation at site indicated b\ pointer D Specimen, Series II Note absence 
of distention and normal appearance of loop (Animal living and well, sacrificed for 
aiitopsi ) 
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and physiologic relationship Ideally the animals should also be of known age 
and strain and should be vigorous and free from disease ” 

The morphologic studies, coupled with the other data here presented, 
emphasize the great vascular reserve of the jejunum and ileum It is apparent 
that there are two principal anastomotic routes, one m the arcuate system, the 
other within the intestinal wall It has been generally assumed that the former 
IS the only mechanism which can be uniformly counted upon , in fact, this has 
been considered so important that it is common surgical teaching that not 
more than 2 cm of intestine can be safely denuded of its mesenteric vessels 
These studies indicate a much greater degree of impoitance of the intramural 
anastomotic system than had previously been supposed, these anastomoses 
apparently can compensate for rather large losses of mesenteric vessels It is 
interesting m this connection to note clinical repoits of recovery following 
traumatic severance of several inches of the mesenteric supply -*’ Survival in 
these cases was attributed to blood supply developed from omentum wrapped 
about the loops at operation While such may have taken place, our studies 
would indicate that actually it was probably the efficiency of the intramural 
anastomoses which maintained the viability of the intestine It would be a 
mistake to consider that our findings justify any radical changes in the technic 
of intestinal anastomosis for one obviously ought to preserve all of the blood 
supply possible Nevertheless, we feel that these findings may afford consid- 
eiable reassurance when circumstances demand greater dependence upon the 
intramural anastomoses than we had previously thought compatible with 
survival 

The deleteiioLis effect of distention upon intestinal revascularization might 
have been predicted but it proved to be greater than we had anticipated 
Operative findings and autopsy specimens have frequently indicated that 
extreme degrees of distention produce sufficient avascularity to cause pressure 
necrosis and intestinal perforation Thus the ability to prevent filling by 
marked distention was no surprise The degree of vascular interference caused 
by moderate degrees of distention, however, was greater than anticipated This 
finding emphasizes the need for complete intestinal decompression m all con- 
ditions associated N\ith intestinal distention Further, the results indicate a 
need for constant decompression wherever the integrity of the intestinal lumen 
IS threatened by injury or operative trauma Therein may he the explanation 
foi failure of suture lines thought to be adequate but later giving way due to 
partial avascularity produced by moderate distention 

Loops with proximal closed ends somewhat similar to those used in 
“Roux-Y’ anastomoses w ere chosen for study because they provided ( i ) 
vasculaiization from one end instead of two and (2) because the}'^ were of 
sufficient length to permit of moderate distention at the free end When the 
closed end was vented into the intestine so that the portion farthest from the 
source of blood supply would be decompressed, necrosis was less likely to occur 
While our primaiy intent was not that of testing the “Roux-Y” t}pe of anasto- 
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mosis in regard to the integrity of the blood supply, it must be pointed out that 
our studies do confirm the concept that anastomoses by use of loops are safer 
from a vascular standpoint since they have blood supply at both ends This is 
especially so if the loops are kept decompressed by means of an entero- 
enterostomy 


CONCLUSIONS 

1 Morphologic and physiologic experiments indicate that theie are two 
piincipal routes for revascularization in the jejunum and ileum (i) The 
arcuate system of mesenteric vessels, and (2) the anastomoses within the 
intestinal wall 

2 So long as the arcuate system remains intact it provides a most efficient 
compensatory mechanism, but when it fails to function the intramural vessels 
are probably far more effective than hitherto supposed These vessels alone 
appear able to nourish several centimeters of jejunum or ileum 

3 Species differences are great both with respect to the mesenteric pattern 
and the type of intramural anastomosis These factors should be carefully con- 
sidered in the selection of experimental animals for investigations referable 
to man 

4 Distention in any degree produces definite interference ivith the effi- 
ciency of the intramural anastomotic mechanism of the small intestine 


Dr Gordon H Scott, Professor of Anatomy, has made many helpful sug- 
gestions during the course of these investigations 
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Discussion —Dr Jacob Fine, Brookline, Mass I would like to call your attention 
to an experiment done on dogs several years ago by one of my colleagues and myself, in 
which we obstructed the venous return of loops of small intestine about ten inches long 
in the dog, with the finding that in every instance when nothing else was done, death from 
gangrene and peritonitis occurred within 24 hours or less , but that if an antibiotic were 
placed in that loop a recovery of viability and a return of function took place almost 
uniformly Distention was not an important factor in these results 

I think It IS important to stress the fact that viability of a loop of gut with deficient 
blood supply is conditioned by local bacterial action as well as by the degree of vascular 
impairment 
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HERPES ZOSTER A SURGICAL PROCEDURE FOR THE 
TREATMENT OF POSTHERPETIC NEURALGIA* 
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FROM THE DEPARTMENT OF SURGERT OF THE LONG ISLAND COLLEGE OF MEDICINF 
AND THE DEPARTMENT OF PATHOLOGY OF THE BROOKLYN HOSPITAL 

Numerous studies of material derived from postmortem examination of 
patients who had manifested clinical features of herpes roster have show n 
outstanding pathological lesions m one or more dorsal root ganglia Asso- 
ciated processes in the spinal cord, the posterior roots, the peripheral nerves, 
and the dermatomic zone of skin subserved by the implicated ganglion or 
ganglia have been equally well authenticated Also there are many recordings 
concerning the clinical aspect of the disorder Certainly the available elaborate 
descriptions of the changing skin eruption during the acute phase of the 
disease leaves little to be added In attempting to correlate these clinical and 
pathological observations, especially the problem of the pathophysiological 
mechanism that produces postherpetic neuralgia, one finds oneself on less 
secure ground It has been implied, and seemingly wuth quite general accept- 
ance, that the obvious changes in the dorsal root ganglion are in some manner 
responsible for the alterations in afferent pathways, and hence the pain Pos- 
sibly this is true , however, we have made observations that have prompted us 
to question the validity of this deduction From an over-all consideration of 
the subject, we have evolved a therapeutic approach for postherpetic neuralgia 
different from those previously employed, namely, excision of the involved 
skin and subcutaneous tissue 

THE CLINICAL PICTURE 

There appears to be a general belief that herpes zoster is a disease that 
affects the aged and debilitated While it may occur at any age, there are sel- 
dom enduring sequelae among those afflicted before the fourth decade of life 
There is no available knowledge relative to the portal of entry of the infectious 
agent, and the early systemic responses — mild fever, general malaise and mus- 
cle ache”— offer no clue a^to the manner of invasion It is only after the appear- 
ance of a cutaneous erythema, with scattered small vesicles distributed m 
a dermatomic fashion, that the clinician becomes certain of the nature of tlie 
disease Concomitant ivith, or at times just preceding the development of 
the rash, the patient’s attention is attracted to the affected part by an 
increased sensitivitj'^ of the segment of skin that is becoming involved Short!) 
after the appearance of the erythematous rash the hypersensitive cutaneous 
area takes on a burning discomfort which is commonly aggravated even 
by the p ressure of light clothing Added to this discomfort are inteniutt^ 
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spells of sharp stabbing pain, sometimes described as extending through the 
part afifectecl, whereas m other instances the pain tends to follow the surface of 
the dermatome implicated During the second week of illness, blebs appear In 
mild cases, these are small and separate but with varying degrees of elevation 
of erythematous skin between them Only a part of the dermatome, about the 
size of one’s hand, may show the cutaneous lesion In such cases, if the 
involvement is thoracic, the blebs may be situated paravertebrally or, less 
frequently, anteriorly Under these conditions, even though the remaining 
portion of the dermatome manifests no visible lesion one may demonstrate 
by appropriate stimuli that the sensory receptors of the entire segment are 
altered 

In severe cases, the erythema coveis the full extent of the dermatome, the 
blebs aie larger and tend to coalesce, the burning discomfort is continuous, 
and any movement that changes the tension of the skin of the area precipitates 
sharp stabs of pain The patient becomes distraught with the constant day and 
night discomfort Medication, regardless of its potency, offers onl} temporary 
relief 

In the majority of instances, the erythema begins to recede during the 
third week The blebs show crusting and wrinkling, and scattered small open 
wounds resulting from rupture of some of the blebs may be present Both the 
drawing, burning discomfort and the recurring sharp pain become less disturb- 
ing By the fifth to sixth week, the scales of the encrusted blebs have fallen 
away, leaving bizarre-shaped pink scars The previously erythematous areas 
not implicated by the blisters take on a light brownish hue Gradually the scars 
retract, thereby producing pocks devoid of pigment The end result is an 
irregular-shaped tongue of skin, within the confines of a dermatome, mottled 
by pigmentation and freckled with pocks lacking in normal pigment For a 
time, the area remains mildly “tender” to rubbing, but this slowly subsides and 
by the end of two or three months the patient has recovered symptomatically 
Cutaneous evidence of the disease usually remains for years 

Other patients do not fare so well The coalescing blebs often rupture if 
not well protected from external pressure, and a large part of the dennatome 
becomes covered with a weeping crust The long continued twisting, burning 
pain resulting in sleepless nights may lead to an abnormal psychologic state 
Patients so afflicted not infrequently speak of suicide as the only'^ way out of 
then torment In truth, one ^\ho came undei our observation was admitted to 
the hospital following a leap from a third story window, and died shortly' 
thereaftei In some instances, especially m older patients, desquamation and 
re-formation of crusts over the herpetic area may continue for as long as ten 
months 

Although the burning and intermittent sharp shooting ty'j^e of pain may 
peisist foi months, or even y'ears, after the acute phase of a relativ'ely' mild 
attack of shingles, this occurs onl) m exceptional instances !More commonly', 
the so-called postherpetic neuralgia is encountered in the fifth, sixth or seventh 
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decade of life, and usuallj^ follows a severe attack of zoster At all events 
postherpetic neuralgia is a well established clinical entity that may be a continu- 
ation of or, more infrequently, a sequel of herpes zoster It is with tins com- 
plication of zoster involving the trunk and extremities that this presentation is 
chiefly concerned 

In postherpetic neuralgia, the outstanding complaint is variousl} described 
by the patients as twisting, burning, drawing, boring, pressing or sharp shoot- 
ing The pain is usually limited to the zone of pocked and bronzed skin of a 
single dermatome In one case in our experience the sharp stabs of pain were 
referable to dermatomic segments caudad to the ones bearing the overt scars of 
the acute attack By the time the patient comes under the obserA^ation of the 
surgeon, many forms of physical and medicinal therapy have been tried with 
little if any beneficial effect Examination discloses the obvious zone of skin 
involved As is often observed in patients ivith long-standing discomfort of a 
part, the results of detailed sensory examination are not wholly reliable In 
some patients with zoster even the slightest superficial pressure is said to cause 
a burning pain Since certain alterations m cutaneous sensations have been 
demonstrated sufficiently often in the same patients, and these changes have 
been essentially the same from case to case, one can be reasonably sure that 
they are dependent upon organic changes and should not be attributed to an 
abnormal psychological trait By lightly drawing a sharp object over the 
normal and onto the abnormal skin, the dermatome involved may be delineated 
Within this zone, touch is usually blunted or absent Over the scars touch is 
not appreciated, whereas the bronzed or relatively normal-appearing skin is 
hypesthetic Pin prick as well as excessive degrees of heat and cold, used as 
stimuli, produce a spreading burning pain Two-pomt discrimination seems un- 
paired , however, the application of the points frequently produces a burning 
sensation, thereby making this interpretation questionable In all events, the 
findings resemble those that result from a partial physiologic interruption 
of a peripheral nerve 

PATHOLOGIC CONSIDERATIONS 

The infectious viral nature of the disease is generally assumed As early as 
i86i, von Barensprung,^ by means of little more than naked-eye postmortem 
examination, recognized that swelling of a dorsal root ganglion was associated 
with the cutaneous lesion known to several generations as “zona” On the 
basis of a most meticulous analysis of postmortem material in 21 cases. Head 
and Campbell,^ in 1900, published a classical discourse on the pathological 
lesions, not only of the skin and dorsal ganglia, but also of the dorsal roots, the 
spinal cord and peripheral nerves A host of subsequent reports have amplified 

their observations , 

The inflammatory and degenerative changes in the ganglia, nerve trunks, 

spinal cord, and skin that characterize the active phase of the disease eventua v 
give way to scarring not dissimilar to that encountered in the end stages 0 
other inflammatory processes The pathogenesis of the complication knoun as 
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postherpetic neuralgia might logically be attiibuted to these anatomical alter- 
ations, but its occurrence in only occasional cases is difficult to explain 

Information concerning the late pathological changes m the skin, espe- 
cially those pertaining to the fate of cutaneous sensory receptors, seems rather 
incomplete The surgical procedure herein reported afforded specimens of skin 



Fig I — Skin and subcutaneous tissue from an active 
case of herpes zoster, of 41 days’ duration, obtained at 
autopsy (A) An encrusted ulcer is shown above and to 
the right Hea\y cellular infiltration involves the entire 
derma and CNtends into the subcutaneous area (B) Sub- 
cutaneous glands, blood vessels and nerves are shown 
surrounded by leukocytes which are predominantly plasma 
cells 

from patients suffering from postherpetic neuralgia which were removed 
after varying intervals followung the disappearance of the rash Other specimens 
obtained at autopsy supplemented this material 

The early lesions m the skin consist histologicall} of eruptions characterized 
bv vesicles not unlike those of herpes simplex and herpes progenitahs These 
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are acute inflammatory lesions manifesting local hyperemia and exudation of 
fluid into interstices under and among the deeper epithelial cells, and resulting 
in the formation of blebs covered by the more superficial la)'^ers of cells The 
epidermal cells undergo both proliferative and degenerative changes, the most 
striking of which are the appearance of intranuclear inclusion bodies Leuko- 
cytes, consisting largely of plasma cells, accumulate in large numbers in the 
underlying derma and, in company with polymorphonuclear leukocytes, make 
their appearance among the disordered epithelial cells and in the fluid within 
the vesicles The latter, whether they rupture or not, become crusted over and 
the area involved eventually becomes healed by fibrosis with re-epithelializa- 
tion of the surface It is the site of the healed vesicular lesion that is repre- 
sented by a white scar that remains visible for years after the subsidence of the 
acute process 

In addition to the more obvious superficial lesions, the skin is the seat of 
varying degrees of diffuse inflammatory infiltration involving all levels of the 
corium and extending into the subcutaneous tissues There is a marked ten- 
dency for the aggregation of leukocytes in masses about the blood vessels and 
nerves, and even about the hair follicles, sebaceous and sweat glands In a 
patient who had been driven to suicide by 41 days of severe pain of herpes, we 
found occasional small ulcers with crusted surfaces, each lined by a zone of 
seminecrotic tissue heavily infiltrated with polymorphonuclear leukocytes (Fig 
lA) In the adjacent “live” tissue, the infiltration was predominantly plasma- 
cellular, but included scattered neurophilic and occasional eosinophilic poly- 
morphonuclear cells (Fig iB) Numerous focal collections, chiefly of 
plasma cells, were present m closely-spaced foci within the derma and subcu- 
taneous tissues Within these lesions many nerves were visible Occasionally 
an isolated nerve was seen surrounded by a mantle of plasma cells Only 
very few lymphocytes were found in the involved skin m this case The dorsal 
root ganglion subserving the implicated dermatome and also the ganglia adja- 
cent and on the opposite side showed heavy infiltration with leukocytes of the 
same types and in about the same proportions as those found in the skin 
These lesions were interpreted as representing a chronic active phase of the 
inflammatory disease 

Study of the excised skin from a patient m whom the acute manifestations 
of herpes had subsided about 100 days before, revealed a remarkable degree of 
persistence of inflammation but, in addition, numerous small densely collage- 
nous scars The infiltrating cells were composed chiefly of plasma cells, but 
included a good many lymphocytes No potymorphonuclear cells were pres- 
ent The aggregations of cells were more compact than m the case cited above, 
and there was no diffuse inflammatory infiltration The scars were occasionally 
situated deeply within the derma and subcutaneous tissue (Fig 2 A) More 
frequently, they could be followed inward from the surface as wedge-shaped or 
fusiform scars suggestive of small neuromas (Fig 2B) One dermal lesion 
located about a blood vessel presented a tubercle-like structure and contained 
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giant cells of foreign-body type (Fig 3 A) Another focus had become ossified, 
containing a central cellular island in which giant cells of osteoclastic type were 
evidently associated with the production of marrow within this focus of meta- 
plastic bone formation (Fig 3B) The lesions in this case were considered to 
represent an example of severe skin involvement in a stage of the disease in 



Fig 2 — Skin surgically excised for relief of posther- 
petic neuralgia (A) A deep-seated radial scar with over- 
lying atrophic epidermis (B) A fusiform scar extending 
inward from the epidermal surface at a site of puckering 
Clusters of plasma cells and lymphocytes are still present 
100 days after clinical subsidence of the acute phase 

which advanced healing and persisting active inflammation of subacute type 
were simultaneously present Postherpetic neuralgia had been severe until 
surgical excision relieved the condition 

Still another t3'pe of pathologic picture w^as presented m skin from a 
wmman wdio died of myocardial infarction 34 months after the onset of herpes 
and 32 months following the subsidence of clinical evidence of activity in the 
involved dermatome This patient showed inconspicuous widely scattered foci 
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of cellulai infiltration, and the cells were almost entirely small ]}'mphocvtes 
Only small compact scats were piesent and were situated chiefly iiithm the 
derma This case was classified as repiesenting the end or healed stage of 
herpes 

In all of the cases studied, atrophy and distortion of the epidermis, iiith 
abnormalities of pigmentation, were encountered 



Fig 3 — (A) Tubercle-like dermal nodule formed 
about 'a blood vessel Giant cells of foreign-body type are 
evident (B) An island of bone interpreted as the result 
of metaplasia in a scar is situated beneath the atrophic 
distorted epidermis Hair follicles and sebaceous glands 
are absent 

It would seem logical to assume that the implication of nervous structures 
within inflammatory cutaneous foci in all phases of the disease might be respon- 
sible for the persistence of pain and other sensory disturbances encountered in 
those who suffer from “postherpetic neuralgia ” 

SURGICAL experiences 

In view of the debilitation that results from postherpetic neuralgia, and the 
ineffectiveness of medicinal and physical therapy, including roentgen ray, it 
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seemed logical to explore further the possibility of surgical help Many 
approaches to the problem have been carried out by numerous surgeons, all 
aimed at interrupting the pam-conductmg pathways coursing from the affected 
parts Although none of these operations has been entirely successful, many of 
them have served as useful experiments The injection of various sclerosing 
chemicals, alcohol in particular, paraA^ertebrally and into the spinal subarach- 
noid space has been of no avail, and further consideration of this method of 
treatment does not seem profitable There are three surgical procedures— 
anterolateral cordotomy, dorsal rhizotomy, and sympathetic ganglionectomy — 
that merit discussion, although their use singly or in combination has not 



Fig 4 — Patient with postherpetic neuralgia treated bj' anterolateral cordotomy 
and dorsal rhizotomy The lines indicate the limits of the anesthetic and analgesic 
area Relief of pain was not obtained 


resulted in complete relief of pain The lecitation of an abbieviated case report 
will suffice to review our experience with two of these three pi ocedures 

A 67-year-old carpenter was admitted to the liospital complaining of burning and, at 
times, sharp shooting pain around the left thorax at the level of the T-y and T-8 derma- 
tomic zone Two years prior to entry there had been a moderatelj' severe attack of shin- 
gles, followed by pain described “as if someone was pulling on the skin of the chest with 
a pair of pliers ” Manj types of medicinal therapy had been tried, but so far as could be 
determined no opiates had been used The left T-y and T-8 dermatomic areas were mottled 
with irregularh bronzed skin and widely scattered whitish pocks The first operation 
consisted of a right anterolateral cordotomy which effectually abolished appreciation of 
painful and thermal stimuli from the T-4 le\el distally on the left side The loss of these 
modalities of sensation began at a point well abo\e the upper aspect of the bronzed zone, 
\ et the patient insisted that the pain w as unaltered Pressure over the segment of affected 
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skin with either a sharp or blunt pointed object precipitated a burning sensation \\hcreas 
before operation only the prick of the pm caused this type of pain Because of the 
findings It was concluded that depriving the area of all form of cutaneous sensation might 
relieve him Accordingly, a dorsal rhizotomy (T-3 through T-g) was performed After 
this operation the zone of bronzed, implicated skin occupied about the middle of a com 
pletely anesthetic and analgesic area (Fig 4) Pressure with any type of object along 
the bronzed zone still precipitated a burning type of pain Moreover, spontaneous pain 
continued about as before the first operation Si\ weeks following entry to the hospital 
the patient was discharged, complaining possibly more of the thoracic discomfort than when 
admitted The neuralgia persisted until his death one year later m another hospital, 
death following an operation for prostatic hypertrophy with urinary retention 


ColUfnsiit Not all of our efforts have been so futile, for there are some 
patients who have had considerable relief following anterolateral cordotomy 
Most of them, however, have had some residual discomfort , enough for them 
to question the worthwhileness of the procedure Sympathetic ganglionectomy, 
namely removal of the second through the tenth thoracic ganglia, has been 
tried in two cases of postherpetic neuralgia of the lower thoracic region In 
one, an anterolateral cordotomy failed to effect relief, and the ganglionectomy 
performed one month later likewise was ineffectual In the second case sym- 
pathetic ganglionectomy failed to influence the neuralgia 

After passing through a period when patients with postherpetic neuralgia 
were excluded as candidates for any form of surgical therapy, if was decided 
that there still remained one possible approach that had not been given a trial, 
that is, excision of the involved skin and subcutaneous tissue After explain- 
ing the experimental nature of the procedure to several patients who seemed 
appropriate subjects, one of them finally consented to the operation The fol- 
lowing summary indicates the clinical picture of the disease and the operative 
procedure m this case 

A 70-year-old man had had diabetes mellitiis for eight years, and also bad had attacks 
of angina pectoris at irregular intervals for four years During the early part of January, 
1945, there was first noted a band of pinkish-colored skin extending from the xiphoid 
region around the right side of the chest to the mid-line posteriorly There was mild 
itching and some burning for the first six or seven days of illness At the end of this 
time many small blebs began to appear, and within another two weeks the area comprising 
what was considered right T-7 and T-8 dermatomes was covered with varying-sized blebs 
Medicinal measures, including injections of pituitary extract, were given in an attempt to 
relieve the constant burning pain, but were of little avail Four roentgen ray treatments 
(300 r each) were given three days apart without appreciable amelioration of symptoms 
By the end of seven weeks from the onset of the illness, the blebs had dried and the scales 
had exfoliated, leaving a band of bronzed pock-marked skin 7 to 8 cm wide about the 
chest In addition to the burning, boring type of pain, there were added periods of sharp 
shooting pain along the implicated dermatomic zone Even opiates, which were eientually 
resorted to, failed to give sufficient respite for sleep He was admitted to the hospital on 
June 5, 1945, at which time examination disclosed moderate arterial hypertension, mild 
cardiac enlargement, and diabetes mellitus The findings of importance were related to the 
zone of irregularly bronzed skin somewhat mottled by the typical pocks of healed herpes 
zoster The slightest touch of the skin caused the patient to withdraw quickly from the 
examiner’s hand It could be demonstrated that the shiny skin covering the larger pocks 
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was hypesthetic, but upon stimulating the involved area a burning pain was precipitated 
which continued for seconds after withdrawing the stimulus 

On June 6, 1945, under novocain anesthesia, a segment of skin 9 to 10 cm wide 
and 60 cm in length, including all of the bronzed area, was removed Following complete 
healing of the wound the patient was discharged from the hospital on the twenty-first 
postoperative day (Fig 5) medication was discontinued and he remained comfortable 
until about the middle of April, 1946. when he noticed that touching a certain spot m the 
right anterior axillary line just caudad to the surgical scar produced a sharp shooting pain 
that radiated along the scar into the back Examination at the time showed that either a 
pock had been overlooked at the operation or a new one had formed Touching this single 
pock precipitated the pain He was readmitted to the hospital on May 13, 1946, and a 
relatively small piece of skin including the offending pock was excised Since the second 



Fig 5 — Patient for whom a zone of skin, 60 cm in length 
and 9 to 10 cm in width, was removed Postherpetic neuralgia 
V as completely relieved 


operation, he has remained comfortable as regards the postherpetic neuralgia, and when 
examined recently even rubbing the surgical scar produced no discomfort 

Comment The result of this case demonstrated that fairly satisfactory 
lehef of postherpetic neuralgia could be obtained by excision of the involved 
skin and the underlying subcutaneous tissue Moreover, this experience seemed 
to indicate that the cutaneous nerve fibers and/or sensory receptors were a 
part of the abnormal neural mechanism responsible for the pain 

The second operation was carried out on a 6o-year-oId man The bronzed 
and pock-marked skin was situated m the posterior part of the right T-y dermatomic 
zone One could demonstrate cutaneous hypersensitivity through the right half of the 
T-y segment, but there was little if any discoloration of the skin anteriorly, and no pock 
marks were MSible there The drawing, burning pain, with occasional sharp stabs, was 
located 111 the area w itli obvious cutaneous changes It was planned to perform the oper- 
ation in two stages The posterior half of the right T-y zone, including the pock area, 
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was removed under local anesthesia Generous undermining- of skin permitted closure 
Primary healing ensued 

Comment The relief of pain was so complete that the patient refused to 
have the anteiioi segment of skin excised When last seen three years after 
operation he had remained free of pain 

The third patient subjected to the operation, a man age 64, presented a clinical picture 
very similar to the first, and the treatment was the same except that the excision vas 
performed in two stages In this case, the burning pam was relieved but there has per- 
sisted an occasional sharp stab of pam “through the chest ” The result, two years after 
operation, was considered moderately satisfactory 

Comment Both the second and third patients were rugged, stoical indi- 
viduals who had performed manual work all their lives It seems possible that 
the third man had more pain that he would admit, sensing our hope that the 
result was satisfactory 

The experience with the fourth patient deserves more elaborate piesenta- 
tion than that accorded the second and third 

A 77-year-old man was admitted to the hospital on August 18, 1947, complaining of 
burning pam in the lower part of the back, upper hip, and around the lower abdomen on 
the right side Occurring at irregular intervals, especially when these areas were 
touched, there was sharp stabbing pain of a radicular distribution There had been an 
attack of shingles approximately one year before he entered the hospital, and according to 
to the story it had been rather severe and had lasted for three months Examination 
disclosed the right T-io and T-ii dermatomes to be mottled and extensivelv scarred 
especially paravertebrally and over the right lower abdomen On September 8 1947, a 
segment of skin comprising the anterior half of the involved segment was excised In 
order to close the defect, the skin was generously undermined down over the groin 
and regionally over the upper abdomen Closure without undue tension was obtained, and 
this with the right lower extremity m full extension Immediately postoperativ elv, the 
patient assumed a position of flexion of the right thigh to relieve the tension on the 
operative area Considerable serosanguineous fluid accumulated in the free space created 
by the undermining procedure, although the area had been drained for 48 hours 

At the end of a week, the medial aspect of the wound opened, and discharge from this 
site continued for 3 weeks, leaving an indolent granulating area After he was out of bed 
he walked m a stooped attitude and was not very co-operative in our attempts to have him 
“stretch” the skin of the right lower abdomen and groin On November 27, 1947, tbe 
posterior half of the area of pock-marked skin was excised The edges of this wound also 
partly separated, and the subsequent skin grafting to aid in epithelialization was not 
effective Finally, after a rather prolonged period of treatment, the patient was discharged 
from the hospital During the following year he was observed from time to time There 
were so many complaints, many of which were not seemingly referable to the area under 
consideration, that it was difficult to evaluate them Apparently the burning that i\as 
present prior to operation had disappeared Roughing the affected part was said to pro- 
duce pm and needle sensations At irregular periods, there were recurring sharp stabbing 
pains in the region of the scar of the lower back and also in both lower extremities 

Comment The difficulties, mostly the result of technical omissions m an 
elderly patient, have been recorded since it is obvious that many of them 
should have been avoided The area deprived of skin and subcutaneous tissues 
should have been covered tvith a primary skin graft rather than closing the 

632 



Aolumeiso HERPES ZOSTER 

Number 4 

wound after extensive regional undermining In very elderly patients any dis- 
comfort IS poorly tolerated , consequently if the situation producing the original 
complaint cannot be corrected without sequelae the advisability for any surgical 
therapy is questionable 

DISCUSSION 

The mechanism for the production of postherpetic pain is not known It 
has been reasonably well established that afferent impulses initiated by stimuli 
within a peripheral part do not traverse the ganglion cells of the dorsal root 
ganglia This does not exclude the possibility that chronic pathological changes 
m a ganglion may m some manner lower the threshold of excitation in the 
cutaneous receptors On the other hand, these obvious changes in a dorsal root 
ganglion as seen m examples of zoster may not be directly concerned in the 
production of postherpetic neuralgia, but merely represent the results of an 
active inflammatory process in this anatomical structure It therefore seems 
proper to consider each anatomical component of the peripheral neural mech- 
anism that may be involved in postherpetic neuralgia A comparison of the 
findings in postherpetic neuialgia with those of other pathological states may 
somewhat elucidate the problem 

Skin lesions produced by accidental burns with various chemicals, when 
completely healed, may present an appearance very similar to the superficial 
residual of herpes zoster Touch is not appreciated normally in the focally 
scarred areas, a finding somewhat comparable to that in zoster The prick of a 
pm IS also blunted in the scars in both conditions, but produces the spreading 
burning pain only m zoster Moreover, the patients with scars from burns 
have not complained of the sharp stabbing pain so characteristic of postherpetic 
neuralgia It theiefore seems unlikely that the pathological process in the skin 
111 zostei is the sole change that can be logically charged with the causation of 
postherpetic neuralgia 

The cutaneous sensoiy findings in zoster are almost identical with those 
characteristic of a “regenerating peripheral nerve “ After division and suturing 
of a peiipheral neive in an anatomical position there follows, after variable 
periods, a return of appreciation of pm prick and differentiation of ceitain 
degrees of heat and cold During this early phase of recovery touch is not 
appreciated and two-point discrimination is grossly altered One may readily 
outline the denervated zone of skin by di awing a sharp object ovei the normal 
and onto the abnormal skin, as in zoster Also, as in zoster pm prick and 
excessive degrees of heat and cold when used as stimuli produce a spreading 
bill ning sensation, and roughing the part is also painful In some patients there 
aie, as well, sharp stabs of pain into the affected part, as described in post- 
herpetic neuialgia Therefore one cannot dismiss the possibility that the infec- 
tion 111 some cases of zoster may produce a partial permanent interruption in 
peripheral nerves that may account for the neuralgia 

Piimar) lesions limited to the dorsal spinal roots aie exceedingly rare In 
t\\ o cases we have observed segmentally distributed cutaneous vesicles follow- 
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mg the spinal subarachnoid injection of alcohol The pi omptness of the appear- 
ance of the blebs after injection made it appear that the effect of the alcohol on 
the spinal roots may have been responsible for their appearance More likely, 
some of the alcohol penetrated the dorsal ganglion at the lateral extremity of 
the subarachnoid sleeve The absence of vesicular eruptions following damage 
of dorsal roots by tumors as well as by surgical procedures of one sort or 
another makes it seem unlikely that a partial physiological interruption of these 
filaments by the inflammatory piocess incident to an acute attack of zoster 
could, at a latei period, account for postherpetic pain Finally, the segmental 
nature of postherpetic neuralgia would tend to exclude a lesion within the 
spinal cord as the causative factor 

Pam localized to a surface area, but due to a moie central lesion, may be 
temporarily relieved by infiltrating the painful zone with an analgesic such as 
novocain In some patients with this type of “reference pain,” repeated infiltra- 
tions will eventually produce complete cessation of the discomfort This thera- 
peutic procedure is frequently used empirically m the treatment of pain of 
indeterminate origin, but has a sound pathophysiological basis It has been 
used effectively during the acute phase m some cases of herpes zoster Carrj'- 
ing the principle a step further, Dr M Frank Turney, the associate of one of 
us, two months ago undermined a large area of skin in a case of postherpetic 
neuralgia In this patient the implicated skin was so situated that total excision 
did not seem feasible Complete relief from pain followed the procedure 
However, it is too soon after the operation to make an estimate regarding the 
ultimate outcome 

From our limited experience, total excision of the skin and subcutaneous 
tissue of the implicated dermatome offers a better chance of relief than any 
other method that we have employed It would seem that the abnormal neural 
mechanism may be effectively altered by the excision of only a part of the 
involved dermatome, as was done m the second case of this series On the 
other hand, in the first case, a single pock inadvertently left behind at the first 
operation was sufficient to preserve the abnormal mechanism It is evident that 
total excision should not be carried out in some cases, particularly in patients 
with neuralgia of a part of the head or neck It has been planned to denervate 
totally the area supplied by the first division of the fifth cranial nerv'e in 
ophthalmic neuralgia following zoster A large flap of scalp and forehead could 
be outlined and reflected with the pedicle in the temporal region Some weeks 
later, following the establishment of circulation, the pedicle could he sectioned 
Various technical procedures may be devised to denervate the segment of skin 
involved, the best method probably being wide excision of the dermatome 
implicated 


SUMjrAHY AND CONCLUSIONS 

I Postherpetic neuralgia, an infrequent but distressing complication of 
herpes zoster, has been treated in the past by numerous medicinal and surgica 
measures, but usually to little avail 
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2 After consideration of the resemblance of the sensory disturbances in 
this condition to those of other disorders characterized by a lowered threshold 
of the skin for various sensory stimuli, it was decided to excise experimentally 
all or portions of the implicated dermatome in a typical case of postherpetic 
neuralgia The result achieved was so highly satisfactory that the procedure 
has been employed m other cases 

3 The four cases in which involved skin and subcutaneous tissue was 
excised have been reported in brief The results were considered excellent in 
two, moderately satisfactory in the third, and unsatisfactory in the fourth case 

4 Pathological studies of skin excised at operation, as well as skm and 
other tissues obtained at autopsy from patients with herpes zoster but not sub- 
jected to “dermatomectomy,” have been briefly recorded The scarring and 
persistent inflammatory infiltration noted would appear to be competent con- 
tributing factors in the production of the pathological neural mechanism respon- 
sible for postherpetic neuralgia The fact that not all victims of herpes zoster 
suffer from this complication poses a problem that remains obscure 

5 Proper evaluation of the reported surgical method of treatment for post- 
herpetic neuralgia, and possible modifications of the procedure must await 
further trial 
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Discussion— Du Bronson S Ray, New York, N Y I can add very little to this 
discussion, but I should like to say that Dr Browder’s paper provides a much-needed 
fresh approach to an old and very troublesome problem 

In my experience, too, cordotomy and rhizotomy, and even lobotomy, while some- 
times providing improvement, on the whole are disappointing in results It is common 
and also somewhat paradoxical to find that local agents in the painful area, such as 

infiltration with procaine and spraying with ethyl chloride, will abolish the pain tem- 

porarily 

We have had one experience with the operation after it had been suggested by 
Dr Browder This was a woman 60 years of age, with chronic pain in a scarred 

band three or four inches in diameter running around the midchest on the right side 

A two-stage excision necessitating a skin graft in part of tlie area was performed 
Wiiether due to incomplete excision, which is one definite source of failure, it seems 
to me, or the mental shortcomings of this particular patient, the result was only 
partiall} successful, but I am fully prepared to believe that the operation Dr Browder 
p’^oposcs should provide success in carefully selected cases 

Du FucuruicK E Kredfl (Charleston, SC) So as not to make this thing seem 
too perfect, Dr Browder asked me also to show^ a case of rather incomplete success 
(Slide) This slide shows a person who had postherpetic neuralgia for six jears 
Blocks and intercostal ncr\e section did not relieve his extreme hypersensitivity A wide 
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excision of skin was done from midhne to midline on the right side well be^ond the 
apparent area of hypersensitivity bv testing This gave him temporarj relief, but a leir 
and a half later there was full recurrence, and a second very wide excision was* again 
aone Posteriorly, it avas necessary to graft part of the area, as aou sec here' 

An interesting fact is that these grafts, noaa a year and a half old, haae shown no 
recovery of sensation, since they he in a denervated field 

(Slide) On the anterior side it avas not necessary to graft, but he still has some 
residual hypersensitivity and burning pain beloav the incision, and probabla will require 
a third skin excision to complete the relief 

We have had tavo other cases that have had an incomplete result probablj bccau e 
not enough skin avas removed 

Dr Gilbert Horrax (Boston, Mass ) I just avant to say that I think it is a 
very definite contribution avhich Dr Broavder has made to our conquest of pain, and 
just one avord m elaboration of avhat Dr Ray avas saying about local infiltrations 
We have had three patients in avhom local procaine mjections over a fairla wide 
area, both in the trunk and one in the scalp, have given not temporary relief in the 
sense of a feav days or a aveek or tavo, but relief that has lasted for six months or more 
These people have come back at the end of that time for another injection Some of 
them have come back many times 

In regard to these methods, I think Dr Livingston could elaborate still further he 
cause he has had more experience avith it than I have had It is a verj satisfactora 
method avhen it avorks 

Dr Mims Gage, Neav Orleans, La I avill piobably be out of order in what I iiaae 
to say after congratulating the essayists on their excellent presentation, avhich will be of 
great help to us in treating mtractible post-herpetic pain 

I would like to mention a method of treatment of the acute phase (avliich aou 
probably avon’t believe) which avill cure the disease and prevent undesirable sequelae 
This consists in the intravenous administration of neoarsphenamine One, two or three 
injections mav be necessary We usually give 03 Gm and repeat this on the third or 
fourth day This results m relief of pain and drying up of the lesions m 36 to 48 hours 
A friend of mine, Dr Emile Block of Neav Orleans, has obtained relief of pain 
and cure in all 25 of his patients avith herpes zoster treated by this method He Ins 
used as much as 06 Gm but usually gives 04 Gm The results in his cases as well as 
ir mine have been dramatic 

I suggest that you try this form of treatment m your next case Of course, all the 
precautions necessary in the use of neoarsphenamine must be observed 

Dr Jefferson BRoavDFR (Brooklyn, NY) I avish to thank the discussers Of 
necessity this is a preliminary report 

In addition to the four patients aadio have been subjected to the operation mentioned 
here, there are six others I know of, three of them seeniinglv successfullj operated on 
one with a partial relief, and two failures As stated, the operation is not considcrci 
a cure-all for post-herpetic neuralgia 


C 


636 


CLINICAL AND EXPERIMENTAL STUDIES 
OF FLUORESCEIN DYES 

WITH SPECIAL REFERENCE TO THEIR USE FOR THE DIAG- 
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In iHC PAsrr, many inA'^estigators have recorded the use of dyestuffs to 
delineate malignant tissues with varying success In most instances, it was 
found that the dye particles accumulated either in macrophage type cells of 
the tumor struma or m necrotic areas where the blood supply to the tumor 
had broken down In no instance has an appreciable concentration of dye 
been demonstrated in intact viable tumor cells This subject has been reviewed 
el sen here ® 

Sodium fluorescein has been injected into patients subjected to laparotomy 
w ith the hope that it might accentuate differences in the appearance of normal 
and malignant tissues Approximately one gram of the dye (20 per cent 
aqueous solution ) was injected intravenously four hours before the scheduled 
exploration of patients suspected of harboring an abdominal malignancy If 
the injection rate was slow, no untold reaction occurred, rapid injection of 
the dye resulted m several cases of transient nausea and vomiting It is well to 
warn the patient that his skin may be yellow for several days Although stain- 
ing of the skin usually disappeared in 24 hours, patients with liver insufficiency 
remained colored for longer periods of time 

Examination at time of operation was carried out under the ultraviolet 
light emitted by a CH-4 mercury vapor lamp equipped with a AVood’s filter 
In addition to the inspection of the tumors in situ, further study was made of 
sections of the removed specimens A summary of these cases appears m 
Table I 

It was early noted that there was no specificity of the dye for tumor tissue 
but that inflammatory and cystic areas also fluoresced The most consistent 
results were obtained with mucinous type carcinomas In several instances 
lymph nodes involved by the carcinoma as well as the primarj' tumor 
exhibited a marked fluorescence As noted elsewdiere,’^ carcinomatous peri- 
toneal implants usualN fluoresced in contrast to the surrounding peritoneum 
Although man} interesting phenomena w'ere encountered, the technic per se 
w'as not of any practical value 

Supported in part bi grants of the National Cancer Institute, the Flora L Rosen- 
blatt Fund for Cancer Research, and the Malignant Disease Research Fund Read before 
the \nierican Surgical ■Association, St Louis, Mo, April 21, 1949 
t Senior Researcli Fellow, Tjiiited States Public Health SerMce 
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The fluorescein technic was extended to include tumors of the centra! 
nervous system In contrast to the lack of affinity of general body malignancies 
for fluorescein, brain tumors almost invariably showed definite fluorescence 
when viewed m ultraviolet light ® 

This technic has been of definite clinical value in the localization and 
diagnosis of subcortical lesions Briefly, biopsy material is obtained by aspir- 
ation through brain needles inserted into the suspected area When examined 
under ultraviolet light, neoplastic tissue fluoresces a bright yellow Nonna! 
cortical material retains a faint yellow-green fluorescence while normal vhite 
matter appears blue-white Edematous tissue which often surrounds brain 
tumors fluoresces more than normal brain but much less than the tumor itself 
In those instances in which the tumor tissue is not aspirated but the biops\ 
material is fluorescent (edematous) further probing of the same area wil! 
usually reveal the tumor On the other hand, if the brain needle is introduced 
a second time, to one side, and the material aspirated is less fluorescent, t!ie 
surgeon will know that he is probing further away from the tumor site 


Table I — Swnmary of the Degree of Fhiorescence Noted tn Tumors Other Than Those 

of the Central Nervous System 


No Cases Excellent Good Poor Failure 


Carcinoma of stomach 

36 

3 

14 

14 

S 

Lymphosarcoma of stomach 

1 



1 


Squamous cell carcinoma of the esophagus 

2 


1 

1 


Carcinoma of the colon 

is 


2 

13 


Total 

54 

3 

17 

29 

S 


This method of examination is simple and can be carried out in the oper- 
ating room itself The biopsy specimen is collected on a gauze square and 
handed to the room nurse who, in turn, holds it under the ultraviolet lamp 
Thus the surgeon can turn, examine the tissue, and confirm the presence or 
absence of fluorescence without moving from his operating position It has 
not been found necessary to darken the room in order to examine t!ie tissue 
adequately 

The technic is of further value in that if only small segments of the 
aspirated material fluoresce, these pieces can be removed separately for section 
or smear by the pathologist and thus afford him a better chance of establishing 

a definite diagnosis , 

In general, the degree of fluorescence was correlated with the grade o 
malignancy Acoustic neuromas and slow-growing astrocytomas took up 
least amount of dye, while astroblastoma and glioblastomas appeared o 
fluoresce the most Necrotic tumor material failed to take up the dye I eiim 
gioma differed widely as regards fluorescence While some exhibite on > 
slight fluorescence, others were a brilliant yellow Metastatic tumors vcrc 
observed to exhibit a definite fluorescence m every case In addition, spi 
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cord tumors were also found to take up appreciable amounts of the dye m 
contrast to the surrounding normal nervous tissue 

In several cases, after the tumor tissue was believed to be completely 
removed, residual remnants of the tumor were disclosed by examining the 
residual cavity directly under ultraviolet light 

A summary of 141 consecutive cases in which the fluorescein technic was 
used and in which a biopsy was obtained is presented in Table II 

Many other fluorescent and highly colored dyes have been tested on mice 
with experimentally induced brain tumors The majority were rejected 
because of their toxicity, lack of solubility, or instability Of the several dyes 
given clinical trial, all were discarded because of their tendency to color deeply 
the patient’s skin 


Table II — Diagnosis of Central Net vans System 

Tumors zuith Sodium 

Fluorescein 

Diagnosis 

Fluorescence 

Cases 

Tumor present 

+ 

105 

Tumor preoent 

— 

7 

Tumor absent 

+ 

2 

Tumor aboent 

— 

27 

Total cases 


141 


Attempts have been made to combine fluorescein and similar dyes with 
several of the heavier elements in the hope of rendering brain tumors radio- 
opaque to the ordinary roentgenologic examination To date, no success 
has been obtained in this particular project One compound studied, tetraiodo- 
phthalic fluorescein, proved useful for intravenous cholecystography Other 
derivatives were found to be too toxic, insoluble, unstable, or highly colored 
At present, additional radio-opaque compounds possessing chemical charac- 
teristics consistent with the theory of the blood-brain-barner are being 
synthesized 

The unsuccessful attempt to synthesize radio-opaque dyes which would aid 
111 the localization of brain tumors prompted efforts to tag fluorescein with 
radioactive elements Foi this purpose, I^^i is eminently suited, since it has 
the requisites of relatively rapid decay (half life of eight days), and it emits a 
penetrating gamma ray (o 367 M E V ) which can be detected at a distance 
1 he synthesis of radioactive diiodofluorescein and the initial studies have been 
previously reported 

At present, the following technic is being employed Radioactive diiodo- 
fluorescein containing i M C of Ijgi is injected intravenously One-half to 
four hours later, the activity over symmetrical areas of the head are measured 
by a specially shielded Geiger-Mueller counter 

The counting rates for each area per unit time can then be compared foi 
localization of the tumor Caie must be exercised that areas over the longi- 
tudinal sinus, for example, ai e not included, since high counts result from the 
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radioactive dye still present in the blood In every case, the radioactue local- 
ization tests have been done without knowledge of the patient’s histor\ or 
physical findings The lesults of these tests have been evaluated indepenclentl\ 
by members of the neurosurgical staff The summary (Table III) includes 
only those patients in whom a lesion was later demonstrated to be present or 
proved to be absent by operation, ventriculogram, or angiogram 

It should be remembered that among those patients who were later pro\ed 
to have a tumor, but m whom no tumor was localized by the radioactive (he 
technic, several had tumors too small (mainly cerebellar tumois), or ot such 
a type (acoustic neuroma) as to contain less than the minimum amount of d}e 
known to be necessary for detection Other tumors that were not localized 
were usually found to be deeply situated The easiest tumors to localize were 
those situated close to the cortex, malignant glial tumors, and those tumors 
accompanied by an appreciable amount of edema 


Table HI — Localicahoii of Intracranial Lesions zvith Radioactive Diiodo fluorescein 


Tumors correctly localized 22 

No tumor localized none demonstrated by angiogram \ entriculogram orcraniotomj 21 
Correct localization (but vascular or dem> elinization rather than tumor) 4 

Close to but not exact localization 3 

Located as to hemisphere only 1 

Tumor present but not located 20 

Tumor localized but not found at operation ventriculogram or angiogram 2 

Incorrectly localized 2 

Abscess not localized 1 

Cholesteatoma not localized 1 

Total 77 


In order to stud}' this technic more completely, tracer doses of radioactive 
diiodofluorescein were injected preoperatively, and biopsies taken of tumor 
and adjacent normal brain tissue at operation Equal samples w'ere then 
measured for their radioactivity The activity found m human brain tumors 
ranged from i 64 to 29 times that of adjacent normal brain 

In general, the highest ratios of activity were found m the more malignant 
tumors (glioblastoma) Some ratios were probably low”^ because of difficulties 
m obtaining satisfactory “normal” brain tissue for comparison For example, 
there is reason to believe that traumatized tissue or tissue momentarih 
deprived of its blood supply takes up an appreciable amount of dye In other 
instances, a considerable time elapsed between obtaining the normal brain 
biopsy and the exposure of the tumor and the subsequent removal of a portion 
for measurement 

For further evaluation of the physical limitations of the radioactive dye 
technic, measurements were made of a human calvarium containing phantom 
tumors ® It was concluded that if the concentration of the dye in the brain 
tumor wms twice that of the surrounding tissue, the minimal volume of a 
tumor that could be detected wmuld be about 40 cc If greater concentration 
ratios w'ere present, smaller tumors could be detected 
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To expedite the screening of various compounds for their usefulness as 
diagnostic agents, possible chemotherapeutic efifects, and for radiation levels, 
brain tumors were induced m several strains of inbred mice The technic 
employed utilized methylcholanthrene m a manner similar to that of Sehgman 
and Shear^- and Zimmerman and Arnold Since these tumors were induced 
m inbred mice, subsequent subcutaneous transplants could be carried out with 
facility Several glial tumors have been carried for 17 transplant generations 

DISCUSSION 

There is no complete explanation at the present time for the increased 
concentration of fluorescein dyes m brain tumors That it is not due to a 
greater vascularity of the tumor is obvious from the fact that maximal fluores- 
cence does not occur immediately after injection of the dye but gradually 
increases in intensity from one-half to four hours It has also been demon- 
strated that tumors with the greatest blood supply (angiomas) are not very 
fluorescent, and, in fact, have resulted in two diagnostic errors 

Although the so-called blood-brain-barner undoubtedly is partly respon- 
sible for the differential concentiation of dye m brain tumors, that it is not 
wholly so IS substantiated by the fact that some gastrointestinal tumors show 
a similar differential staining Recent studies (unpublished) would seem to 
indicate that there is, perhaps, a specific affinity of tumor cells for the dye 
Since the experiments of Goldmann,^ the theory of the blood-bram-barner 
has occupied the attention of many investigators Broman-- ^ reported that 
the barrier exists 111 the intima of the blood vessels m the central nervous 
system In experimental animals he was able to damage the barrier by injecting 
noxious substances into the carotid artery but not by applying them directly to 
the pia He also found that the function of the blood-bram-barner was im- 
paired or absent m brain tumors, encephalomalacia, edema, abscesses, and mul- 
tiple scleiosis With this in mind, it is not surprising that we have found a 
slight fluorescence in areas of edema, and that the more edematous areas 
contain a greater amount of dye 

In this regard, it would seem that fluorescein and radioactive diiodofluores- 
cem could be expected to be useful tools for further exploration of other dis- 
eases of the central ner\mus system, such as amyotrophic lateral sclerosis,^ 
epilepsy, and other convulsive disorders Fluorescein dyes are excellent for 
these purposes, since, (i) they are acid chromagen dyes and therefore should 
not penetrate the noimal blood-brain-barner, and (2) they can be detected 
and quantitated 111 extremely small amounts, either by fluoremetry, or by 
tagging them with radioactive isotopes 

The clinical use of other acid chromagen dyes such as Disulphine Blue 
has been disappointing Sufficient amounts of dye to produce sharp color 
differences between neoplastic and normal brain tissue, ^\hen viewed m ordinary 
light, also deeply stain the patient’s sk in This circumstance has proved 
* Imperial Cliemical (Plnrmaceuticals) Ltd, Manchester, England 
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frightening to the patient, confusing to the anesthetist, and could result in 
serious medical-legal problems 

It IS hoped that some of these compounds can be used clinically by tagging 
them with radioactive isotopes By this method, very dilute solutions can be 
utilized 

SUAULA-RY 

Sodium fluorescein has been shown to concentrate in an unpredictable 
manner in many tumors The most consistent results were obtained in 
mucinous adenocarcinomas of the gastrointestinal tract and carcinomatous 
peritoneal implants 

In contrast, tumors of the central nervous system concentrate the dye in a 
consistent and predictable manner The use of sodium fluorescein as an aid 
in the localization of brain tumors at operation is a simple and accurate 
technic which utilizes no special apparatus except a mercury vapor lamp 

Attempts to use radio-opaque dyes to outline brain tumors have not been 
successful The clinical value of the radioactive dye method for the detection 
of brain tumors preoperatively cannot be evaluated completely at the present 
time Better equipment, more sensitwe Geiger-Mueller tubes, and other 
improved methods for detecting radiation should increase the accuracy and 
consistency of this method 

Mention has been made of the advantages of using fluorescein and radio- 
active dyes to explore further the role played by the blood-'bram-barrier in 
other diseases of the central nervous system 
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It has long been recognized that there is need for some physical or 
chemical method which will permit the accurate localization and demarcation 
of cerebral gliomas Since the precise localization of subjacent cerebral tumors 
IS often obscure even after exposure of the overlying cortex, and since an 
infiltrating glioma is frequently difficult to distinguish from adjacent normal 
brain, a number of efforts have been made to obtain such differentiation by 
the introduction of a substance into the circulating blood in the hope that it 
would preferentially localize in the tumor Sorsby, Wright, and Elkeles’^ 
reported such attempts m 1942 employing a 10 per cent solution of kiton 
green They were able to stain granulomatous tissue and traumatized brain 
but did not secure useful staining of gliomas The same unsatisfactory results 
were obtained with Evans blue (T-1824) m small doses, this agent had the 
additional disadvantage in large doses of concentrating in subcutaneous con- 
nective tissue ^ Moore and his collaborators® first succeeded in staining 
gliomas with a vital dye, fluorescein They found that fluorescence of tumor 
tissue under ultraviolet illumination was obtained and that little or no fluores- 
cence was demonstrated in adjacent normal tissue Moore^ was able also, by 
ingeniously tagging fluorescein with radioactive iodine, to obtain a 

method which was useful in the approximate localization of cerebral tumors 
externally through the skull 

This investigation has concerned itself with an attempt to discover a 
readily detectable substance which would demonstrate a higher concentration 
m cerebral tumor tissue, particularly in the gliomas, than m normal brain, 
in order that it might be employed for precise localization and demarcation of 
brain tumors at operation It was decided to seek a radioactive material 
which, either because of a more rapid metabolic turnover in the lesion than 
in normal brain, or simply by virtue of a local breakdown in the blood-brain 

* Dr Selverstone was a Senior FelloYv in Neurology, The National Research 
Council during a part of this study The United States Atomic Energy Commission 
gave the radioactive phosphorus used in this investigation The work reported here has 
been supported m part by an Institutional Grant of the American Cancer Society, the 
Office of Naval Research, and the National Foundation for Infantile Paralysis This 
paper was read before the American Surgical Association, St Louis, Mo , April 22, 1949 
** Associate in Surgery at the ilassachusetts General Hospital, Harvard Medical 
School 

t Assistant Professor of Siirgerv, Harvard Medical School 
t Reseaich Associate m Phjsical Chemistrj, Harvard Medical School 
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barrier, would exhibit an increased concentration in cerebral tumor tissue 
Certain theoretical considerations limited the search for this substance 

1 The most impoitant requiiement is that the substance must preferen- 
tially localize in the lesion to such a degree that an easily measurable difterence 
in radioactivity can be demonstrated between the lesion and the surround- 
ing brain 

2 It is necessary that the chemical toxicity of the substance be low in 
order to permit its use m adequate quantity 

3 The half-hfe of such a radioactive material must be sufficiently long to 
permit reasonable convenience in obtaining and storing it, and short enough to 
minimize the exposure of the patient to ionizing radiation 

4 In order to obtain precise localization it is important that the substance 
be a beta emitter wnth sufficiently soft radiation to be effectively absorbed 
within a relatively narrow area about the tumor A gamma emitter such as 
Br,*- Na,^'^ or would thus be unsuitable because of the extensive range of 
such radiation 

It was early suspected that the phosphate ion HPO4 H2PO4 might be 
a useful substance, since there was reason to believe that in all three of the 
major fractions ordinarily studied in tissue chemistry the phosphate ion might 
preferentially concentrate in tumor tissue when compared wnth normal brain 
The importance of the phosphate ion as the major intracellular anion of the 
body would suggest a more rapid turnover of the substance in the morgamc 
fraction of a rapidly metabolizing tumor than in the relatively static normal 
brain tissue The work of Changus, Chaikoff and Ruben® has demonstrated 
that the turnover of P®^ in the hpid fi action of brain is low as compared w'ltb 
other organs Since there was no reason to believe that this property wmuld 
also be exhibited by gliomas, it was hoped that this fraction also might show 
an increased concentration of P It was considered possible also that the 
high concentration of proliferating cell nuclei m tumor tissue as compared 
with normal brain might be reflected in an increased uptake of P^" m the 
nucleoproteins of the pi otein fraction 

In addition to these metabolic considerations, the phosphate ion w'as 
considered a likely material in view of the Avork of Friedemann*’’ wdio has 
shown that the effectiveness of the blood-brain barrier is greater m the case 
of negatively charged than of other particles If a local defect of the barrier 
exists in the tumor, w^e might thus be provided wnth a mechanism for differ 
ential uptake 

The extensive employment of P^“ in large therapeutic doses m poljCA 
themia vera and in certain of the chronic leukemias' without dangerous to\ 
icity suggested that it could be used wnth relative safety in this stud) 

The half-hfe of P,^^ 14 3 days, is a convenient one and its emission con- 
sists of pure negative beta radiation wnth a maximum energy of i 69 -i cv 
energy level has been shown to permit a maximum penetration in brain 
(assuming a density of i o) of approximately 7 
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A piehminary study^ demonstrated to oui satisfaction that in glioblastoma 
multiforme and in astrocytoma, as well as in certain noiigliomatous intra- 
cranial tumors, a ver}’^ satisfactory difference in the uptake of radioactive phos- 
phorus, P,'^- was present when tumor was compared with normal brain The 
patients of this early group weie studied employing doses of from 8 to 3 8 
milhcuries of radioactive phosphorus, P,^- as buffered phosphate ion The 
specimens of tumor and of normal brain were obtained at operation 
or at autopsy An “activity ratio,” representing for equal w eights 

radioactivity of tumor 5 3 to no This ratio 

1 adioactivity of white matter 

appeared to be eminently satisfactory for purposes of localization, and accord- 
ingly studies were next directed toward the development of a suitable minia- 
ture Geiger-Mueller counter which could be employed as a piobe foi the 
accurate localization and demarcation of these tumors 



Fig 1 — The 3 mm and 2 mm probe Geiger-Mueller counters, 
employed in localization and demarcation of cerebral tumors 


In 01 del that a Geigei -Mueller counter might be used as a probe within 
the brain, it was considered desirable that the dimensions of the portion enter- 
ing the brain approximate those of the ventricular needles customarily 
employed for this purpose Since it is important that the depth of the neoplasm 
as well as its surface projection be determined, it was considered necessaiy 
that the sensitive volume of the counter be located near the tip When this 
research was undertaken, no such counter w^as available It was essential to 
find a suitable combination of noble and quench gases and to determine 
optimum pressuies for counters of these dimensions, as w^ell as to develop a 
technic of consti uction The first counters used at operation w^ere 5 mm and 
3 mm in diametei and w^ere filled with an argon-ether mixture For several 
months 3 mm counters filled with aigon-ethyl acetate have given good service 
More recently. 2 mm counters of this type have been used The probing por- 
tion of such a countei is, therefore of diameter comparable to that of a ven- 
triculai needle 

The counters aie steiilized by immersion in a formalin germicide for 20 
minutes or more The cable connecting the counter to the associated appa- 
ratus IS autoclaved The preamplifier and scaling circuit remain outside the 
sterile field 
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In a brief preliminary report^i our use of the earliei argon-ether counters 
in the location of 14 deep brain tumors was noted This work has been 
amplified, and it is now possible to report 33 cases in which the method has 
been employed chiefly for localization, but also for demarcation of tumors 
from surrounding brain 


METHOD 

The patient is given a single intravenous injection of buffered radioactive 
phosphate ion of from 95 to 4 2 millicuries preferably at least 24 hours before 
operation, but time intervals of from i 8 to 186 8 hours have been employed 


Table I — LocaltsaUon of 14 Ghoblastomas by Means of the Probe Counter, with Attempt 
at Demarcation for Total Evtnpatwn in Sir Cases 


Case 

Time m Hours 
After Injection 
of P32 

Corrected Counts per Minute 

Ratio of 
Counts 

Useful for 
Demarcation 
of Tumor 

Tumor 

Brain 

H F 

3 3 

2238 

99 

22 6 


E P 

13 4 

684 

55 

12 4 


GH 

17 0 

1982 

27 

73 4 

— 

AG 

19 3 

12668 

2168 

5 8 

+ 

JD 

21 0 

2128 

222 

9 6 

— 

FF 

21 1 

2125 

219 

9 7 

+ 

AH 

22 7 

1134 

35 

32 4 


AP 

2S 3 

30077 

828 

36 3 

+ 

A C 

25 6 

2946 

482 

6 1 

— 

WB 

26 8 

8829 

349 

25 3 

— 

A A 

26 9 

4539 

783 

5 8 

+ 

A B 

43 6 

13032 

1207 

10 8 

- 

D C 

46 S 

2885 

390 

7 4 

+ 

M G 

186 8 

2034 

250 

8 1 

— 


No other preparation of the patient is necessary The appropriate standard 
methods of approximate brain tumor localization are fully utilized, and the 
location of the exposure to be made of cerebral or cerebellar cortex is deter- 
mined by neurologic examination and b)^ electroencephalographic and 
ventnculographic data 

A “control area” is first chosen, usually in the periphery of the exposed 
field, in the region considered least likely to be the site of tumor The sensitive 
volume of the counter is introduced into the brain and counts recorded for a 
statistically significant time interval, usually o 4 minute, at various depths 
beneath the surface We now ordinarily count first at i cm and then at suc- 
cessive increments of i cm to a depth of 4 to 6 cm , as required The counter 
IS then employed m suspected regions in a similar manner until a sharp 
increase m counting rate indicates that neoplasm has been struck After the 
tumor has been located in this manner, the counter is cleansed with hydrogen 
peroxide m order to prevent possible spread of malignant cells, 
successive approaches are made from normal brain toward tumor in an 
attempt to demarcate its boundaries In those instances where radical rcmni 
by lobectomy or bloc dissection can be carried out without sacrifice ot t ic 
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motor cortex or sensory speech area, resection is accomplished, taking a 
margin of i to 2 cm or more from sites where abnormal counts have been 
obtained 

Tables I and II show counting rates obtained with the probe counter in 
28 cerebral tumors of various types as contrasted with normal brain in the 


Table II — Localization of 14 Otha Ccrebial Tumors by Means of the Piobe Counter, 
with Attempt at Demarcation for Total Extirpation in Six Cases 


Time m Hours Corrected Counts per Minute Useful for 

After Injection Ratio of Demarcation 


Case 

of P3S 

Tumor 

Brain 

Counts 

Histologic Type 

of Tumor 

WF 

18 7 

812 

114 

7 1 

Astrocytoma 

+ 

D W 

26 2 

4182 

514 

8 1 

Astrocytoma 


H H 

65 8 

2056 

270 

7 6 

Astrocytoma 


AT 

93 8 

777 

112 

6 9 

Astrocytoma 

■f 

W P 

IS 3 

1673 

82 

20 4 

Medulloblastoma 

— 

A H (2) 

61 7 

24232 

2852 

8 5 

Astroblastoma 


B B 

16 4 

7843 

137 

57 1 

Oligodendroglioma 

-f 

W B (2) 

42 2 

627 

105 

6 0 

Ependymoma 

— 

D M 

5 7 

1650 

IlOO 

16 5 

Unclassified glioma 

— 

AS 

19 7 

1337 

67 

20 0 

Unclassified glioma 

+ 

JS 

I 8 

5226 

961 

5 4 

Unclassified glioma 

— 

M M 

43 S 

4523 

159 

28 4 

Angiosarcoma 

— 

WH 

16 S 

2136 

64 

33 3 

iMetastatic carcinoma 

— 

GJ 

19 S 

755 

26 

29 0 

Metastatic carcinoma 



same patient In five instances, tumor presented on the surface and location 
by means of the counter was not necessary In 12 cases data obtained in 
counting was employed m an attempt to demarcate the tumor m order to 
facilitate its radical removal 

Figures 2 and 3 illustrate the technic of left (major) temporal lobectomy 
m case CB (not in Table I), using the probe counter in ordei to demarcate 


Table III — Case C B Dcmai cation of Glioblastoma xvith Left Tcmpoial Lobectomy, 

241 His aftci Injection of 


Counts per Minute 


Depth 

3 cm 4 

7 cm 

B 

77 

117 

A 

431 

564 

C 

520 

932 

E 

109 

512 

D 

105 

124 


the tumoi Point B is ni the “control area ” Abnormal counts were obtained 
at depths of both 3 cm and 4 7 cm at points A and C (Table III), while a 
deep longue of tumor tissue was demonstrated only at 4 7 cm at point E 
Counts weie again normal at point D Resection was carried out through 
what appeared to be normal tissue, the plane of the incision passing just below' 
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the Sylvian vessels and through point D posteriorly Speech was only tem- 
porarily impaired following the procedure, although his subsequent course nine 
months after operation would suggest that the tumor, a glioblastoma multi- 
forme, was not completely extirpated 

Table IV shows four cases in which a tumor was not localized by means of 
the counter We may expect, as in case R H , where virtuall} the entire 
cerebral hemisphere was infiltrated by gliomatous cells, to find this method of 
no value, since no normal area is available for comparison An occasional 
small, deep tumor may also be missed, as in cases I C and C E , since the 
method is effective only when the counter approaches within approximately 
5 mm of the tumor Case G T , in whom no tumor was found, is being 
followed, but it now appears likely that this patient does not have a ceiebral 
tumor 


Tabis IV 

— Fotn Cases m JVItich No Tumot JVas idenixfied by Means of the 
Piobe Counter 

Case 

Subsequent Findings 

Classification 

R H 

Diffuse ghomatosis No normal area was available for 
control 

Clinical limitation of 
method 

1 C 

Counter was introduced to 5 0 cm Tumor in uncus 
and peduncle began at 6 5 cm in P M specimen 

P M ratio S 8 1 

Error in application 
of method 

c n 

Deep metastatic nodule 1 2 cm in diametei Counter 
missed tumor bv 0 S cm 

Error in application 
of method 

GT 

Patient made complete clinical reco\cr> and has re 
maincd well for 9 months 

No tumor Method 
presumably correct 


SUMMARY 

Radioactive phosphoius, administered intravenously, has been used clin- 
ically in order to localize and demarcate brain tumors Its high concentration 
in cerebral tumois as compared with normal brain w'as suspected on theoret- 
ical grounds, and now appears to be adequately confirmed A Geiger-Mueller 
counter of diameter comparable to that of a ^ventricular needle has been 
employed at operation in 33 cases 111 an attempt to localize intracranial tumors 
Data adequate for localization w^as obtained in 29 cases, in 23 of wOnch the 
tumor did not present on the surface In one, case, diffuse ghomatosis, the 
method w'as intrinsically of no value, and in two cases the method was not 
adequately employed In one instance no tumor w^as located" and the clinical 
com se wmuld suggest that none is present 

In 13 cases an attempt has been made to demaicate the tumor for bloc 
resection or lobectomy through normal tissue A later communication wull 
repoit lesults and limitations of this method when applied to the radical 
surgery of the gliomas 
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Discussion — Dr Francis C Grant, Philadelphia, Pa We have attempted to idcntifj 
intracranial tumors specifically with dye, using Nile blue instead of the fluorescein salt 
We have not as yet had sufficient experience to speak with any certainty, but in four 
cases, the tumor was stained definitely and specifically blue, in contradistinction to the 
surrounding brain Something of this kind, it seems to me, will be of extreme im 
portance m the neurosurgery of the future, because certainly the limitations of these 
tumors, particularly the infiltrating gliomas, are difficult to determine by the naked 
eye alone, and unless complete extirpation is possible, a recurrence will, of course, take 
place 

At the present time I am not certain of the importance of these drugs prior to 
the opening of the skull Even if radioactive material can be attached to the dye \\hich 
impregnates the tumor specifically and then the area of increased radiated materia 
picked up with a Geiger counter, the value of this method of localization may not c 
much of an improvement over the use of air However, when once the skull has been 
opened and the brain exposed, to be able to outline the size of the tumor accurate \ 
by contrast staining methods, so that the surgeon can be certain that complete 
tion has been accomplished, is a matter of great importance The only way that a 
brain tumor can be cured is by total and complete extirpation 

There is another possibility inherent in the use of these dyes It was sac 
the amount of material taken up by the tumor depended upon the ° , 

growth If, by the use of these dyes, it would be possible to make a 
nosis preoperatively between the very cellular and the relatively ace ^ 

ghoma, this would be important Anything that will lead us to believe ia 
dealing with a glioblastoma multiforme prior to operative procedure \\o 
patient and the neurosurgeon an unnecessary operative procedure 1 >s 
make this differential diagnosis with certainty by this method, it vi e 
111 advance 
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Dr Wilder Penfield (Montreal, Canada) The fluorescein method and the use 
of radioactive phosphorus are studies of great importance They should be pushed 
Neither method has come to a point where it can be generally adopted The same can 
be said for the use of the electrocorticogram with the electrodes placed on the cortex 
This latter method might locate a neoplasm but biopsy is still needed 

Actually, the application of the two methods described today is only to the in- 
filtrating tumors, not to the benign ones which we can get out and which we can localize 
by other means, ventriculography particularly It is still necessary to fall back upon 
exposure and inspection of the brain 

I have always been very much interested in pathological study, and we always 
do biopsies of infiltrating brain tumors before removal Gross inspection is usually 
sufficient to indicate the situation of neoplasm but biopsy must be relied upon for 
prognosis 

Dr George E Moore (Minneapolis, Minn ) I do think that sodium fluorescein 
can be used to good advantage clinically Dr W T Peyton and Dr Lyle French of our 
clinic have found it helpful especially in the localization of tumors whose position has 
not been completely elucidated by ventriculography 

As to radioactive diiodofluorescem, I think it is more important as a research tool 
than as a diagnostic measure at the present time This technic should be quite valuable 
in the future for the study of other diseases of the central nervous system as those 
studied by Dr Robert B Airo (i e amyotrophic lateral sclerosis) and others which 
are intimately associated with damage to the so-called blood-bram-barner Among these 
diseases might be certain forms of epilepsy In the latter instance, sodium fluorescein 
may be of some value for the localization of epileptogenic loci that cannot be determined 
readily by ordinary visual means 

Dr B Selverstone (Boston, Mass ) I should like to thank Dr Grant and Dr 
Penfield for their discussion May I say, however, that in our hands, since we have 
had a lot of experience with the technic, we have found this to be a practical clinical 
tool of great value I should like to tell of one case which may point this out 

One month ago a patient was admitted to the private service with signs and 
symptoms of a cerebellar tumor apparently in the right hemisphere After ventriculog- 
raphy and other studies, which confirmed the presence of a cerebellar tumor, operation 
nas carried out The cerebellum vas explored and was found to be entirely normal 
m appearance The aqueduct was patent The wound was closed 

The patient proceeded to do very poorlj He developed papilledema which had not 
previously been present, and his flap bulged considerably One week ago he was given 
tw'o milhcuries of radioactue phosphorus On the following day he w'as taken to the 
operating room, his flap w’as reopened, the cerebellum exposed, and again it appeared 
to be entirely normal 

(Slide) This slide show’s the findings with the Geiger counter It w’as introduced 
first into the left lobe of the cerebellum, and you can see the counts at i, 2, 3, 4 and 
5 ems It W’as then introduced into three places in the right cerebellum hemisphere, 
and again you can see the counts Notice that these counts are all rather low — from 
14 to 176 counts per minute No tumor w’as found 

The counter was next introduced into the vermis At 1 cm there were 304 counts 
per minute At 2 ems there were 1080 counts, and so on up to 4 ems , where 1560 
and 2136 counts were obtained in tw’o loci In the vermis at a depth of a little o%er 
I cm a large glioma was encountered, and a subtotal rcmoial was undertaken Since 
that time the patient has done rcason'ibh well 
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EVALUATION OF TOTAL SYMPATHECTOMY* 
Bronson S Ray, M D , and A Dale Console, ]\I D 

Nek York, N Y 

FROM THE DCP^RTMENT OF SURGCR\ NEV\ \ORK HOSPITAL CORNELL MEDICAL COLLEGE NEU lOKL 

In the evolution of operviions on the S3mpathetic nenous s^stem tor 
the treatment of hypertensive vascular disease a dictum frequentl) propoicd 
has been that the degree of success is proportional to the extent of the s\ mpa 
thectomy This assertion has some times been tempered b}' adding that the pur- 
pose of the operation should be the denervation of as large an area ot the 
body as is necessary yet reasonably safe The earlier types of limited opera 
tion came to be largely supplanted b} the thoracolumbar resection from (he 
eighth or ninth thoracic to the upper lumbar levels proposed by Smithuick’ ten 
years ago Peet- changed to a higher resection of the thoracic s) mpatlietic- 
in his supradiaphragmatic operation Afore recently others (Poppen," and 
Hinton and Lord'*) have extended the resection of the thoracic chain up to 
the third or fourth thoracic ganglia and have implied that blood pressure 
lowering effects were better A logical conclusion would seem to be that 
consistently good results might be expected if total S3'mpathectomi ucre 
performed, providing, of course, the patient could tolerate the operation and 
not be left a “homeostatic cripple ” GnmsoiP reported before this Societv 
eight 3''ears ago his performance of total paravertebral sympathectoiiy in 
three patients and he has presumabL' added to this number since 

Since neither the etiolog3'^ of h3'pertension nor the mechanism bA whicli 
sympathectom3’' exerts its beneficial effects are knowm, proof for the superi- 
orit3’’ of one t3"pe of operation over another should rest on the comparison ot 
results How'ever, the unpredictable nature of h3'pertension makes the e\aliia- 
tion of any form of treatment difficult and it is even more troublesome to In 
to measure the relative merits of different t3"pes of operation In this report, 
wffiich deals with the results of total paravertebral S3 mpathectomv m 3 ° 
h3^pertensive patients, some comparative statistics have been included for 
whatever value the3’^ ma3’' have Also, an attempt has been made to estiniatt 
the effects of successiveh more extensive s3mipathectom\ m the same patient 
Some of the mechanisms responsible for the beneficial effects of total para- 
vertebral sympathectom3% and some of the reasons for its failure to accom- 
plish all that might have been expected, are review'ed in the light of these data 

Mate) ml — The patients in this series of 30 were each selected for tota 
paravertebral s3TOpathectom3 because it w^as felt that some comphcitinp 
factor or factors in their hypertensive disease w ould be more likeh' to respon 
to a wider sympathectom3’^ than has usualh been emplo3ed in this cinic 
(Ray®) It should be evident that the maj orit3’^ w^ere poorer operatne 

* Read before the American Surgical Association, St Louis Mo ■^pnl 
Stud} supported bj a grant from the John &. Afar} R MarKle Foundation 
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than obtains in the general average of h}pertensue patients subjected to 
sympathectomy Patients with angina pectoris (17) and patients with retinal 
hemorrhages or papilledema (Groups III and IV retinopathy, according to 
the classification of Keith, Wagener & Barker') constitute the bulk of the 
series , some of these also had vasospastic states of the extremities or palpita- 
tion and tachycardia The remainder had only vasospastic disorders, tachy- 
cardia and palpitation as initial symptoms in their disease, or following the 
thoracolumbar type of operation 

Of the SIX patients who had thoracolumbar (T8-L3) sympathectomies 
previously, one had little improvement in blood pressure and angina and later 
developed retinal hemorrhages Tw^o had a persistence of their severe angina 
pectoris and a return of blood pressure to preoperative levels One had a 
persistence of mild angina, and developed tachycardia, palpitation and 
Raynaud’s phenomenon of the upper extremities One had Raynaud’s phe- 
nomenon in the hands, tachycardia and palpitation, but a good lowering of 
blood pressure in response to thoracolumbar sympathectomy 

Of the 24 patients in whom total S3fmpathectomy was done as a primary 
procedure, nine had Group III retinopathy and ii had Group IV, ten of 
these patients also had angina pectoris The remaining six patients had 
Group II retinopathy, of w^hich three had angina pectoris, one had scleroderma 
and one, a 53-year-old man, had a fixed diastolic pressure of 150 mm of 
mercury 

The pertinent data regarding these patients are tabulated m Table I and 
summarized in Table II 

Method of Operation — The operation of total bilateral paravertebral 
sympathectomy from stellate to the third lumbar ganglia w^as carried out m 
two, three and four stages in this series For the 24 patients in whom the 
total operation was planned initially, a twm-stage operation (one side at a time 
wuth an interval between varying from two to four weeks) w'as performed in 
eight patients In 16 the operation w'^as carried out m three stages, employing 
a total sympathectomy on one side first, next a thoracolumbar (T7 or 8 to L3 ) 
on the other side in about two w^eeks, and finally a completion of the thoracic 
sympathectomy on the second side, usually in tw'o weeks But in six patients 
it W'as found desirable to delay the final stage for three to 16 months 

For SIX patients wdio had previously had thoracolumbar (T7 or 8 to L3 
and splanchnic nerve) sympathectoni}' the remainder of the thoracic S3'mpa- 
thetics, including the stellate ganglia, w'ere removed in one bilateral operation 
m three patients and in tw'o operations m the other three The time interval 
betw'een the thoracolumbar operation and completion of the total sympa- 
thectom3 w'as 12 to 30 months Together wuth their original operations these 
patients had a total of tw'o, three or four separate operations 

The anesthesia emplo3ed in all operations w'as endotracheal ether and 
oxygen preceded In intravenous pentothal induction The operative approach 
to the S3mpathetics was retroperitoneal and retropleural The thoracolumbar 
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part of the operation employed resection of the proximal ends of the eleventh 
and twelfth ribs, detachment of the diaphragm, and incision m the lumbar 
fascia Through this exposure the lumbar chain was resected to a point beloii 
the contribution of the third lumbar rami, and the thoracic chain together with 
the great splanchnic nerve was freed to a point above the contribution of the 
seventh or eighth thoracic rami The thoracic sympathetics were divided 
here unless the operation was to be completed at once, in which case the) 
were tucked into the upper part of the exposed paravertebral gutter and the 


Table I — Preoperative Data, Type of Operation, Postoperative Data and Period of 
Observation After Total Sympathectomy m 30 Patients Changes are Graded Slight 
(jr/), Moderate (mod), and Marked (ink) T-L-Thoracohiinbar Sympatlicctomv 

PREOPERATIVE BATA 


Patient 

No 

Sex 

Age 

Diastolic 

Blood 

Pressure 

Eye 

Ground 

Group 

Angina 

Pectoris 

Enlarge 
ment of 
Heart 

E K G Cardiac 
Changes Failure 

Renal 

Impair 

ment 

Cerebral Degree 
Involve of 

ment Drabililj 

1 

M 

32 

170 

IV 

0 

0 

Mod 

0 

Mod 

0 Mk 

2 

M 

34 

160 

IV 


SI 

Mod 

Mod 

SI 

0 Mk 

3 

F 

29 

170 

IV 

+ 

SI 

SI 

SI 

0 

SI Mk 

4 

F 

31 

160 

IV 

+ 

SI 

Mod 

Mod 

Mod 

0 Mk 

5 

M 

48 

170 

IV 

0 

SI 

SI 

0 

0 

0 Mk 

6 

M 

40 

140 

IV 

0 

SI 

SI 

0 

0 

0 Mk 

7 

M 

43 

160 

IV 

0 

SI 

SI 

0 

SI 

0 Moll 

8 

F 

31 

120 

IV 

0 

0 

0 

0 

Mod 

Mod Mk 

9 

M 

43 

170 

IV 

0 

SI 

SI 

0 

SI 

0 Mk 

10 

F 

38 

124 

IV 

0 

Mod 

SI 

Mod 

0 

0 Mk 

11 

F 

49 

140 

III 

0 

SI 

SI 

0 

0 

Mod Mod 

12 

F 

47 

130 

III 

+ 

SI 

SI 

0 

0 

0 Mod 

13 

F 

40 

120 

III 

+ 

SI 

SI 

SI 

0 

0 SI 

14 

F 

40 

130 

III 

+ 

Mod 

Mod 

SI 

0 

0 SI 

IS 

M 

48 

150 

III 

0 

0 

SI 

SI 

0 

0 Mod 

16 

M 

48 

140 

III 

0 

Mod 

SI 

0 

0 

0 SI 

17 

F 

45 

140 

III 

+ 

SI 

SI 

0 

0 

0 Mod 

18 

F 

SO 

170 

III 

+ 

Mk 

Mk 

Mod 

SI 

0 Mk 

19 

M 

53 

150 

II 

0 

Mod 

Mod 

SI 

SI 

0 Mod 

20 

M 

45 

120 

II 

+ 

0 

SI 

0 

0 

0 Mod 

21 

M 

43 

110 

II 

4* 

SI 

SI 

0 

0 

0 SI 

22 

F 

37 

160 

III 

4* 

SI 

SI 

0 

0 


23 

F 

32 

150 

II 

+ 

Mod 

Mod 

0 

0 


24 

F 

45 

120 

II 

4" 

Mod 

Mod 

SI 

0 


2S 

M 

42 

110 

II 

+ 

SI 

Mod 

0 

0 


26 

F 

28 

90 

II 

0 

0 

SI 

0 

0 

0 

n m 

27 

F 

44 

120 

II 

0 

SI 

SI 

0 

0 


28 

F 

51 

160 

IV 

4* 

Mod 

Mod 

SI 

0 

Moo 

29 

M 

52 

150 

III 

+ 

SI 

SI 

SI 

0 

n 

30 

F 

49 

160 

II 

4" 

Mod 

Mod 

SI 

0 



wound closed A second incision for removal of the remainder of the t ora^ 
sympathetics was made parallel to the spine to permit resection ^ ^ . 

mal several centimeters of the third, fifth and sixth ribs After re ectio 
the pleura through this exposure the ganghonated chain was free roin 
stellate to the sixth or seventh thoracic ganglia, as the case require 
one-stage operation the entire ganghonated chain from stellate to 3 S‘ 
with the attached splanchnics (and sometimes the celiac gang ion), co 
lifted out intact The celiac ganglia were removed on bot si es 
patients and on one side in two 
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Patients were placed on the ope* ating table in the lateral position, slightly 
tilted forward for both the upper and lower incisions, except for two patients 
placed in prone position on the “cerebellar” table for the performance of 
bilateral upper thoracic sympathectomy The average time required for the 
performance of a one-stage total sympathectomy on one side was two hours 
During the operation patients received intravenous 5 per cent glucose in watei , 
sometimes supplemented by blood transfusion and neosynephnne, one or both 



Tabie 

I — (Couitnued) 





POSTOPERATIVE DATA 




Patient 

No 

Diastolic 

Blood 

Operations Pressure 

Fall in 
Diastolic 
Blood 
Pressure 

Eye 

Ground 

Groups 

Degree of 
Rehabili- 
tation 

Follow-up 

Period 

1 

2 stage total with celiac gangl 

120 

50 

II 

Mlv 

2 years 

2 

3 stage total 

140 

20 

II 

Mk 

2 years 

3 

2 stage total 

120 

50 

II 

Mk 

2 years 

4 

2 stage total with celiac gangl 

150 

10 

II 

Mk 

2 years 

S 

2 stage total 

114 

56 

II 

Mk 

2 years 

6 

3 stage total 

100 

40 

II 

Mk 

2 years 

7 

3 stage total with celiac gangl 

90 

70 

II 

SI 

2 years 

8 

3 stage total 

120 

0 

II 

Mk 

2 years 

9 

2 stage total with celiac gangl 

130 

40 

II 

Mk 

1 Yi years 

10 

3 stage total 

100 

24 

II 

Mod 

1 M years 

11 

3 stage total with celiac gangl 

120 

20 

II 

Mod 

2 years 

12 

3 stage total 

110 

20 

II 

Mk 

2 > ears 

13 

2 stage total 

90 

30 

II 

Mk 

2 years 

14 

3 stage total 

110 

20 

II 

Mk 

2 years 

15 

3 stage total 

120 

30 

II 

Mod 

1 Vi years 

16 

3 stage total with celiac gangl 

100 

40 

II 

Mk 

1 34 years 

17 

3 stage total 

88 

52 

II 

Mod 

134 years 

18 

3 stage total 

no 

60 

II 

Mod 

1 year 

19 

3 stage total 

100 

50 

II 

Mk 

234 years 

20 

3 stage total 

90 

30 

II 

Mod 

1 year 

21 

2 stage total 

Prev T-L 

90 

20 

II 

SI 

1 year 

22 

27 mos — 1 stage upper thoracic 

160 

0 

II 

Mk 

234 years 

23 

12 mos — 1 stage upper thoracic 

130 

20 

II 

Mk 

234 years 

24 

26 mos — 2 stage upper thoracic 

100 

20 

II 

Mod 

2 years 

25 

12 mos — 2 stage upper thoracic 

120 

0 

II 

Mk 

2 years 

26 

20 mos — 1 stage upper thoracic 

70 

20 

II 

Mod 

2 years 

27 

28 

29 

30 

30 mos — 2 stage upper thoracic 80 

3 stage total Died after 11 months 

2 stage total Operative death 

3 stage total Operative death 

40 

II 

Mod 

2 years 


Mottahty — Among the 30 patients, two deaths occurred as a result of 
operation (63 per cent) One of the patients (No 30) had a high grade of 
hypertension and angina pectoris, and died on the operating table at the end 
of a third-stage operation, presumably of heart failure The other patient 
(No 29) had angina pectoris and advanced retinopathy, he died of a painless 
coronary infarction 24 hours after completion of the second stage of a two- 
stage opeiation 
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One other patient (No 28) died suddenly at home ii months after opera- 
tion, presumably of cardiac failure due to coronary disease She had been 
relieved of angina pectoris and otherwise improved after operation 

Postoperative Comphcahons — Pleural effusion was the most frequent 
complication after operation, due, it is believed, to the extensive manipulation 
of the pleura and to the high incidence m this series of borderline cardiac 
decompensation It occurred in nine patients, and m four, one or more 
aspirations of the effusion were required In most of the patients digitaliza- 
tion and the administration of mercurial diuretics were of value 

Cardiac failure occurred after unilateral total sympathectomy in three 
patients with borderline cardiac compensation but there was quick improve- 
ment following the use of digitalis, oxygen therapv and mercurial diuretics 


Table II — Grouping of 30 Cases of Total Sympathectomy Accoidmg to Grade of Hyper- 
tension and Accompanying Symptoms 

Advanced grade of hypertension 

No of Cases 

21 

With Group III retinopathy 

10 cases 

With Group IV retinopathy 

11 cases 

Of these 11 had angina pectoris 

Angina pectoris and less advanced hypertension 

6 

(Group II retinopathy) 

Less advanced hypertension 

3 

With Raynaud s phenomenon and tachycardia 

2 cases 

With cler derma 

1 case 

Total 

30 

In siv of the 30 cases there were intervals of 

one to two and one half j ears 

between thoracolumbar and total sympatliectom> 

Conditions leading to additional 

operation were 

Angina pectoris 

3 cases 

Angina pectoris and retinal hemorrhages 

1 case 

Raynaud s phenomenon 

2 cases 


As a result of this experience early 111 the series, digitalis was used preopera- 
tively more commonly thereafter when there was any question of the state of 
the cardiac reserve 

One patient (No 3), a 29-year-old woman with advanced hypertension, 
became comatose shortly after reacting from anesthesia following the second 
stage of a two-stage sympathectomy The temperature rose to 41 there 
were shifting neurologic signs, and consciousness was not regained for eight 
days , the spinal fluid during this period was normal She eventually made 
a good recovery The complication is thought to have resulted from anoMa 
to the brain during the operation and thereafter, during a period of lou 
blood pressure 

The course of convalescence and degree of rehabilitation after operation 
varied widely but on the whole the variations were not significantly different 
after the lesser operation of thoracolumbar svmpathectomy The measure 0 
rehabilitation is indicated in Table I 
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THE EFFECTS OP THE OPERATIONS ON THE HYPERTENSIVE STATE 

Excluding two patients who died in the hospital and one who died before 
the end of a year, 27 were repeatedly examined from one to two years 
after operation, and the latest postoperative observations are the ones recorded 
m the comparative pre- and postoperative evaluation Table I provides much 
of the data m tabular form 

Effects on Blood Pressm e — ^The effect of the operation on blood pressure 
IS interpreted by comparing the average preoperative reclining diastolic 
pressure with the highest postoperative diastolic pressure In the surviving 
21 patients who had initial total sympathectomy there are nine (43 per cent) 
who now have diastolic pressures consistently of 100 or less mm of mercury , 
the remaining 12 all had some lowering of their diastolic pressure, and at 
least six may be said to have had a significant lowering to a much safer level 



Fig I — Patient No 18 Effect on diastolic blood pressure of 
total sympathectomy after the first two stages (It stellate to L3 
and rt T8 to L^) and after delayed third stage (rt stellate, S G, 
to Ty) 

than originally existed This record is perhaps better than might be expected 
from the thoracolumbar operation, but the number of this series is small and 
the types of cases make comparison unreliable 

In six of the 21 patients who had ^'miliar' total sympathectomy there was 
a lapse of from three to 16 months between the second and third stages of 
the operation, that is, before the final resection of the remaining portion of 
the upper thoracic chain on one side Figure i shows the effect on diastolic 
blood pressure and postural hypotension after a delayed third stage of a 
total sympathectom) in patient No 18 In all of these patients there was an 
additional fall m diastolic pressure of 20 mm of mercury, or more and an 
increase m postural hypotension In three the effect was transient but m the 
other three some lowering has persisted for a year or more There was no 
apparent difference m the effects of resecting the right or left thoracic chain 
Thus the results m these several patients indicate that there may m some be 
a greater lowering of blood pressure with more extensive sympathectomy 
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The graded sympathectomy m the six patients who had a bilateral thoraco- 
lumbar (Ty or 8 to L3) operation one to two years before completion ot a 
total sympathectomy is of added interest In three of these patients there was 
no significant decrease m the blood pressure after the thoracolumbar opera- 
tion , following completion of the total sympathectomy the diastolic pressure 
was not affected in one^ it was lowered twent}^ mm but still high in one, ivlnJc 
in the third it was lowered 20 mm , so that the highest diastolic pressure was 
100 mm of mercury In two of the six patients the thoracolumbar operation 
resulted m moderate lowering of the pressure, and following completion of the 
total sympathectomy the diastolic pressure was unchanged m one and low'ered 
to normal (120/80) in the other In one of the six patients the thoracolumbar 
operation resulted in a normal blood pressure (220/120 reduced to 140/90) 
and after completion of the total sympathectomy, performed for relief of 
disagreeable vasospasm m the upper extremities and tachycardia, the pressure 
was lowered still further (to 110/70) 

Therefore, the evidence indicates that total sympathectomy has a greater 
effect m lowering blood pressure than a lesser resection of the sympathetics in 
some patients In this series a poor or mediocre result after thoracolumbar 
operation was improved in 50 per cent of the patients by adding the excision 
of the remaining sympathetics But the fact remains that a total sympathec- 
tomy, even when initially performed, does not always lower the resting blood 
pressure significantly, and indeed may not lower it at all Additional inter- 
esting facts come to light in regard to the effects of graded sympathectomy 
in the studies with tetraethylammonium chloride, and in a study after bilateral 
anterior rhizotomy (T12, Li and 2) was performed in one patient wnth a 
total sympathectomy (see following) 

Effects on the Heart — Two important effects on the heart result from 
the addition of the upper thoracic sympathectomy to the thoracolumbar 
operation, providing the excision is carried high enough to include the first 
thoracic (or the stellate) ganglia bilaterally These effects are abolition or 
improvement in cardiac pain by interruption of the afferent nerves that tra- 
verse the sympathetics, and slowing of the cardiac rate by interruption of the 
accelerator nerves It is believed that the nerve fibers for each of these func- 
tions traverse the stellate to the fourth or fifth thoracic ganglia bilaterally 
Angina pectoris unquestionably existed in 17 patients of the series Four 
of the SIX patients who came to total sympathectomy a year or more after 
thoracolumbar operation had angina pectoris One patient developed Ins pain 
after the first operation , but the other three originally had angina and w'ere 
unrelieved by the operation ’ This has been a common experience in patients 
with angina pectoris having thoracolumbar sympathectomy, even in those 
with lowered blood pressure In most of the 17 patients the pain occurrec 
chiefly with effort, but in five the pain imposed, definite limitations on tieir 
activity The three patients who died all had angina pectoris All of the 14 
who survived were relieved of pain in the chest and arms, and their capacit) 
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for exercise was increased, but three had occasional and moderate pain in 
the neck and jaws on exertion One of these had pain m the neck, m addition 
to pectoral pain, before operation while the other two developed their cervical 
pain some time after operation In case the preopeiative pain was unilateral 
the first stage of the operations was usuall)'' planned to sympathectomize 
that side In support of past experience that unilateral S3'mpatheclomy may 
be inadequate for relief of unilateral angina pectoris, two of these patients 
developed a similar pattern of pain on the opposite side during the period 
of delay before the final operation was performed 

Tachycardia and the palpitation that accompanies it have, in those patients 
who possessed it, been umforml}^ relieved by total sympathectoni}^ Several 
patients had a relative tachj^ardia before operation, but two of the patients 
who had previously had a thoracolumbar operation were greatly distressed 
by these symptoms, particularly on changing from a horizontal to an erect 


ONE YEAR 



Fig 2 — Patient No 25 Effect on tacliycardia and blood 
pressure of adding bilateial upper thoracic sj mpatliectoni}' (stell- 
ate ganglion, S G , to T7) one year after bilateral thoracolumbar 
s\ mpatbectonw (T 8 to L 3 ) 


posture, or on exercising This is a common finding in the early postoperative 
period aftei the thoiacolumbar operation, when postural hypotension is 
mai ked In a few patients it persists m some degree with change in position, 
or with exercise, even when postural hypotension has largel}'^ or wholly sub- 
sided For example, (Fig 2) one patient (No 25) a year after thoracolumbar 
sympathectomy consistently had a change in blood pressure from 170/110 to 
155/^00 on rising from a horizontal position, and simultaneously an increase 
m caidiac rate from 82 to 176 per minute Paradoxically, during the early 
period following completion of the total s) mpathcctom) (by bilateral upper 
thoracic sympathectomy) the blood pressure fell from 140/90 to 80/? on 
changing posture, and simiiltaneoiish the caidiac late changed from 68 to 76 
per minute 
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All patients showed bradycardia after completion of total sympathectonn 
The rate fell to a level between 40 and 60 per minute, the maximal slowing 
u'iually occurring on the second to fourth day after operation Consistent 
slowing of the rate was not observed after a unilateral thoracic sympathectonn 
of either side While there was some recovery from the maximum bracl}- 
cardia with the passage of time in most patients, relatively slow resting 
cardiac rates and failure of tach5'cardia to develop with postural hypotension 
or exercise persisted in all patients 

The question of whether cardiac efficiency may be embarrassed vhen 
postural hypotension occurs without compensatory increase m cardiac rate 
may aptly be raised The studies necessary to settle the question are not 
completed, but certainl}'^ it may be said that after a suitable period of post- 
operative adjustment passed patients did not show impressive outward evi- 
dence of cardiac deficiency under these circumstances 

Othe) Effects on the Hypotensive State — The 21 patients with advanced 
retinopathy, namely, retinal hemorrhages, exudates and papilledema, all 
showed a subsidence of these changes within one to three months after the 
completion of any combination of bilateral operation, even though a third 
stage was sometimes delayed for a longer period This alteration m eyeground 
changes is not peculiar to total sympathectomy but occurs also m the less 
extensive thoracolumbar operation However, one case in the series (No 22) 
developed retinal hemorrhages two )rears after a thoracolumbar operation, 
and following the additional operation converting the partial to a total sym- 
pathectomy, the hemorrhages subsided 

The improvement m symptoms, particularly headache, seemed to be of 
the same degree as that reported for less extensive sympathectomies, although 
it must be said that the average period of convalescence and recovery from 
operative symptoms took on the average several weeks longer after total sym- 
pathectomy than is required after lesser operations With regard to headache, 
a suggestion was made, in a report of results after thoracolumbar sympa- 
thectomy (Ray®), that part of the reason for improvement might be due to 
a compensatory vasoconstriction of the extracranial branches of the carotids 
which counteracted the dilatation and lability thought to give rise to headache 
After total sympathectom}’^ these vessels should not be in a state of increased 
tone, but at least should have been deprived of lability m tone which might 
be expected to be just as effective 

All but two of the patients who survived operation were rehabilitated to 
the degree that they either resumed wholly or in large part their former occu- 
pations and activities, or else led a fairly active existence within moderate 
restrictions In Table I, rehabilitation has been indicated as marked or 
“moderate,” respectively By comparison with the evaluation of the degree 0 
their disability prior to operation in the same table, the results are iinpressne 
The two exceptions were both patients who were virtual!}' invalids prior to 
operation, but neither was made any more so by the operation 
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Comparative statistics of survival m a series as small as this and followed 
for such a short period of time are not truly helpful Published results^’ ** of 
partial sympathectomy show impressive benefit in the matter of survival of 
patients with advanced hypertension. Groups III and IV retinopathy of the 
Keith, Wagener & Barker classification, when compared with the latter’s 
published results^ of survival in similar patients not treated by operation 
It will be more important eventually to determine whether more extensive 
sympathectomy can improve on the results of the thoracolumbar operation 
Table III shows certain survival statistics for advanced grades of hyperten- 
sion the first year after medical treatment," after the Peet operation of bilateral 
lower thoracic sympathectomy,^ after bilateral thoracolumbar (T8-L3) 
sympathectomy® and after total sympathectomy The statistics for the last 
two types of sympathectomy are from this clinic, and are not significantly 
different, particularly if the higher operative mortality attending the total 


Table III — Compaiisoii of Pci cottages of Deaths at the End of One Year in Advanced 
Hypertension {Groups III and IV Retinopathy) Ticated by Dtffocnt Methods 


No of Cases 


Keith, Wagener and Barker 


Medically treated 

1 3 

Peet 


Lowe thoracic symp-ithcctomy 

143 

Ray 


Thoracolumbar sympathectomy 

88 

Present series 


Total sympathectomy 

21 


Percentage Mortality at End of 1 Year 
Retinopathy Groups 


Combined Groups 

Group III Group IV III and IV 


35% 

79% 

69% 


46% 


10% 

18% 

14% 

10% 


9 S% 


sympathectomy weie to be taken into consideiation, but the results m both 
these series appear better than those reported following the less extensive 
Peet operation 

EFFECTS OF THE OPERATION ON HOMEOSTASIS 

The coordination of the body as a whole to meet changing conditions m 
internal and external environment by autonomic adjustment has been called 
homeostasis by Cannon® (1929) Cannon,® and McDonough® (1939) demon- 
strated that totally sympathectomized cats and dogs survived under the 
conditions of the controlled environment of the laboratory, but were unable 
to make the rapid adjustments which occur in normal animals under condi- 
tions of stress, such as extremes in environmental temperature and emotional 
excitement 

After total sympathectomy m man, the most noticeable effects result from 
the alteration in vasomotor and sudomotor activity In the early period after 
completion of the operation, extremes of temperature are not well tolerated, 
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and hot weather paiticularly may be enervating, but by adjustment of clothing 
and regulation of activity the moderate extremes of temperature occurring 
in a temperate climatic zone do not aftord any great problem in adjustment 
The hypotension and its symptoms of giddiness and weakness that accompaii) 
change in posture and exercise may be profound soon after operation, and 
are often of greater degree than that seen following thoracolumbar sympathec- 
tomy There is a sense of obstruction in the nasal passages due to engorge- 
ment of the nasal mucosa The Horner’s syndrome may be such that the 
patient is distressed by his inability to open his eyelids more widely and b) 
the uncomfortable sensation that results from suffusion of the conjunctival 
blood vessels Yet within a relatively short time the degree of these symptoms 
and signs begins to subside and somehow the body makes a progressive 
adjustment 

The possible means of adjustment are several, and have been commonly 
thought to be due to sensitization, increase or augmentation in the tone of 
smooth muscle, and to ready regeneration of sympathetic nerves Sensitization 
has been said to occur more readily following postganglionic denervation 
In this series theie were no discernible differences m the results m the ten 
patients m whom celiac ganglionectomy was added to the total excision of 
the ganghonated chains The possibility that the development of automatic 
tone in smooth muscle may play some role cannot readily be dismissed, but the 
bugaboo of regenerating sympathetic nerves needs to be dispelled The evi- 
dence collected from the study of the cases in this series and others gives 
strong support to the likelihood that the partial return of homeostasis after 
total paravertebral sympathectomy is due to the presence and augmented 
activity of residual sympathetic nerves, already present, which do not traverse 
the paravertebral ganghonated chains, splanchnic nerves or celiac ganglia 

KESIDUAIi SYMPATHETIC PATHWAYS 

All patients, following paravertebral sympathectomy, whether it is par- 
tial or complete, show a predictable loss of sympathetic activity in such meas- 
urable functions as skin temperature, sweating, vasodilatation and electrical 
skin resistance At first the loss of these functions is complete, but within a 
matter of days or weeks, long before regeneration of sympathetic nerves 
could occur, every patient begins to develop recognizable signs of symipathetic 
activity, which increase wnth the passage of time and the inherent necessit} 
for the body to utilize whatever compensatory mechanisms remain 

In a previous report^® residual sympathetic pathway’^s were describe 
innervating the T12 to L3 dermatomes after thoracolumbar (T8-L3) sym 
pathectomy’’ and also in a few cases after total paravertebral sy'^mpathectonn 
The matter was explored in considerable detail, and it was shown conclusn c y 
that the return of sympathetic activity in these dermatomes, namely in t le 
groins and anterior half of the thighs, could be initially'^ prevented or su se 
quently'’ corrected if anterior rhizotomy^ from T12 to L2 inclusive nas per 
formed in conjunction wnth the paravertebral lumbar sympathectomy I’S 
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earlier work laised the possibility that similar pathways were responsible 
for return of activity in the face, upper extremities, trunk and the lowermost 
sacral dermatomes It was postulated that the ganglia for the postganglionic 
fibers m the residual pathway to the T12-L3 dermatomes were either in 
the spinal nerves or closely associated with them Later it was of great 
interest to find that the previous work of Wrete^^ and Skoog^“ had already 
demonstrated microscopic masses of ganglion cells distributed in communi- 
cating rami to spinal nerves and often in close proximity to the latter Even 
though the function of these ganglia was not established it was believed that 
they weie motor (sympathetic) cells It was also of interest that the ganglia 
weie found 111 greatest abundance 111 the cervical and lumbai regions, although 



2 YEARS POSTOPERATIVE 
C3 LOW dl INTERMEDIATE 


29 MONTHS POSTOPERATIVE 
m HIGH RESISTANCE 


Fig 3 — Patient No 8 (Left) Skin resistance pattern 24 
montlis after total sympathectomy Patient No 23 (Right) 
Skin resistance pattern 29 months after total s3mipathcctomy 


similai ganglia were piesent in all the thoiacic spinal nerves Moie recently, 
sympathetic ganglion cells in ventral roots have also been desciibed b}' Alex- 
ander, Kuntz, Henderson and Ehrlich 

Paitetns of Skin Resistance — ^The patterns of skin resistance over the 
entire body 24 and 29 months aftei total sympathectomy in two patients is 
illustrated m Figure 3 The areas of low resistance indicate the presence of 
centrally controlled sympathetic activity, and all patients of this senes showed 
similar patterns some months after operation On the whole, the return of 
function was most rapid and uniform in the T12 to L3 dermatomes and in 
the cential area of the face, where the patterns were symmetrical and nearly 
supcr-imposable from patient to patient Sympathetic activity returned more 
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slowly in spotty areas over the upper extremities and trunk, where the patterns 
were less symmetrical and less constant The final patterns in the upper 
extremities and trunk did not conform to any segmental arrangement, and 
varied considerably on the two sides in the same patient It does not 'seem 
reasonable to attribute tbis non-segmental and as)TOmetncal return of func- 
tion, after similar types of sympathectomy have been performed on the two 
sides, to sensitization, regeneration or any other of several suggested mechan- 
isms except activation of already existing nerve pathways Skoog’s^" w-ork 
has shown that there are marked diflferences in the number and precise loca- 
tion of the accessory ganglion cells in the cervical region in different patients 
and on the two sides m the same patient 

Complete and permanent sympathectomy in the upper extremity has not 
yet been accomplished by any of the operations in common practice, nor has 
a single instance occurred m which the trunk has remained completely denerv- 
ated after total sympathectomy The irregular and inconstant late patterns 
of skin resistance in the upper extremities are m marked contrast to those in 
the lower extremities, where the pattern is constant and where rarely if ever 
IS there any evidence of resumed function below the knees This difference 
in the upper and lower extremities is in full accord with the common clinical 
experience that sympathectomy employed for the treatment of vasospastic 
states IS uniformly better in the feet than in the hands 

The usefulness of electrical skin resistance determinations as a method 
of identifying sympathetic activity has been soundly established by Richter’s^* 
work But on the surface areas of the body where the residual innervation 
IS great enough, sweating, pallor, or mottling of the skin and diminished 
temperature are often easily demonstrated Sweating and mo'ttling of the 
skin occur in varying degree in such areas, the degree apparently depending 
on the number of residual ganglion cells supplying the area, and the need for 
the organism to compensate for impairment of sympathetic activity in other 
parts of the body For example, it is common to see cold hands, pallid fingers, 
mottling of the arms, and increased sweating m the upper part of the bod}' 
after thoracolumbar (T8-L3) sympathectom)'- has deprived lower portions of 
the body of vasomotor and sudomotor functions When larger areas are 
deprived of function by total sympathectomy compensatory activity is greatly 
augmented in any region where residual innervation exists This is exempli- 
fied by the excessive sweating which occurs m the anterior thighs and groins 
particularly during the early months after total sympathectomy This 
region (T12-L3 dermatomes) appears to be the most richly supplied by 
residual pathways of any in the body Excessive sweating similarly occurs 
in a band in the lower thorax, if in performing a total sympathectomy a 
two-stage operation on one side fails to meet and the sixth or seven! 
thoracic ganglion is left intact, as has occasionally occurred 

It has often been observed though not easity explained that after sym 
pathectomy the resumption of demonstrable sympathetic activity m predicta c 
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areas supplied by residual nerves is delayed in its appearance Even when a 
single midthoracic paravertebral ganglion is left in place in an otherwise 
total sympathectomy the thoracic dermatome supplied by the ganglion appears 
for several days or weeks to be sympathectomized also Then, sweating begins 
to appear, and it increases gradually in amount until the skin of that derma- 
tome may be dripping This phenomenon more than any other meets the 
objection of those who maintain that if residual pathways do exist, the evi- 
dence of their presence should be manifest immediately after operation 
Other Chmcol Evidence — In at least three patients of this series cramp- 
ing pains in the anterior thighs developed on exercising after total 
sympathectomy, even though intermittent claudication had not existed before 



Fig 4 — Patient No 24 Effect of graded sympathectomy on blood 
pressure, particularly emphasizing the additional effect of anterior 
rhizotomy ten months after total paravertebral sympathectomy 


operation Since the surface areas of the anterior thighs possess a residual 
sympathetic innervation it was reasoned that the vasculature of the thigh 
muscles might be spastic in compensation for extensive vasodilatation else- 
where in the body, and this in turn might lead to pain on muscular effort 
Accordingly, in one of these patients (No 24) anterior rhizotomy, T12 to 
L2 bilaterally, was performed At the time of operation direct faradic stimu- 
lation of each of these roots caused a transient alteration of skin resistance 
in the homolateral anterior thigh The result of the operation was abolition 
of the cramps as well as loss of sympathetic activity on the surface of the T12 
to L3 dermatomes, and the effect may be assumed to be permanent In this 
same patient (Fig 4) the anterior rhizotomy had an additional effect on 
postural hypotension and to a lesser degree on the blood pressure m the supine 
position 

The lowest spinal segmental extent of the sympathetic system from this 
and previous studies has been found to be L3 The highest spinal segmental 
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extent has not been definitely established, though it has been assumed in the 
past to be Ti or possibly C8, the rami from which connect with the stellate 
ganglion The consistent appearance of sweating in the face after total sjni 
pathectomy. including the stellate ganglion, has raised the question as to the 
mechanism The question remains unsettled, but there are other experiences 
to suggest that sympathetic inndrvation to the pupil and levator of the upper 
hd has segmental origins above the eighth cervical As illustration, i8 months 
after completion of total sympathectom3q including removal of the stellate 
ganglia, a patient was found to have greater ptosis and miosis on the left 
side, some degree of asymmetry being common in such cases The entire 
remaining cervical sympathetic chain was then removed on the right side, 
which resulted in a persistent inequality in ptosis and miosis, but now greater 
on the right side Unless it be assumed that regenerating preganglionic fibers 
from thoracic levels joined the cervical chain, which is believed to be uiilikeh, 
it must be reasoned that preganglionic fibers arise from cervical segmental 
levels 

It can probably be shown that preganglionic cervical fibers to the upper 
extremities which do not traverse the ganghonated chain also exist This 
postulation is given support by the finding that following paravertebral 
thoracic sympathectomy, including the stellate ganglion, supplemented by 
mtraspmal division of the first three thoracic anterior nerve roots, there is 
still evidence of residual sympathetic activity in the extremity 

In the face of the evidence of the importance of other sympathetic pathways 
that remain after any type of sympathectomy, including total paravertebral 
excision, the question which logically follows is what part, if any, such 
remaining nerves contribute to the failure of sympathectomy to reduce blood 
pressure in some patients Also, it must be recalled that whereas the residual 
nerves that have been demonstrated as not traversing the sympathetic chains 
all accompany spinal nerves, there are no somatic nerves to the viscera 
Unfortunately, there are no methods for accurate detection of residual sym- 
pathetic activity in the splanchnic region as there are for the superficial areas 
of the body Working with a series of our patients who had thoracolumbar 
(T8 - L3) or total sympathectomy Swift and Almy^® have demonstrated that 
the abnormal eosinophilic response in the blood stream following the adminis- 
tration of insulin does not differ in these two groups of patients This sug- 
gests that splanchnic denervation is no more complete after tota 
sympathectomy than after the thoracolumbar operation, and that any addi- 
tional effect of the operation must be attributed to other mechanisms 

The idea seems to be held by many that the advantage of sympathectomv 
lies in some specific effect on the splanchnic vasculature Others maintain 
that whatever advantage the operation possesses is in the de-eff2rentation 0 
the kidneys or adrenals or both The added effects of lowtnng blood pressure 
after each step of a graded sympathectomy would tend to refute this reason 
mg, particularly when resections at the extremes of the sympathetic c lains, 
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which should largely affect the extremities, result m lower resting blood 
pressure and increase m postural hypotension (Figs i and 4) Occasionally 
a bilateral sympathectomy of the lower extremities in a normotensn e patient 
will result in a postural hypotension, and in a small series of patients in 
whom sympathectomy of all four extremities was performed in rapid suc- 
cession for Raynaud’s disease or hyperhydrosis, postural hypotension of 
significant degree followed temporarily The point to be made is that lower- 
ing of blood pressure may follow the interruption of any part of the 
sympathetic system, and whatever part is left functions in the compensatory 
role of adjustment 

Phaimacologic Evidence — The following two experiments demonstrate 
by pharmacologic methods that the interruption of residual sympathetic path- 



Frc 5 — Patient No 17 Effect of T E A on blood pressure 
(A) preopcratively , (B) after unilateral total and thoracolum- 
bar sympathectomy , ( C) shortly after completion of total si mpa- 
thectonij , and (D) 14 months later 


ways after total paravcrtcbial sympathectomy icsults in temporal y lowering 
of blood pressure, but the question of whcthci residual neives to the splanch- 
nic region exist is not answered 

Tetracthylammonium chloride (TEA)=^ has the phai macologic action 
of blocking autonomic ganglia While it has not been found useful in pre- 
dicting the effect of sympathectomy in hjpertensives it does provide a con- 
venient method for demonstrating the presence of residual functioning s) m- 
pathetics In seven patients who had total sympathectomy performed in 
three stages, the administration of T E A between the performance of the 
second and third stages (that is, when all that remained of the s}mpathctic 
chains on both sides was the upper thoracic chain from stellate to Ty on one 

* T E A was supplied as Etamon b\ Parke Da\is &. Co 

667 



RAY AND CONSOLE 



side) always resulted in a significant fall of blood pressure This appar- 
ently indicated the importance of the remaining upper thoracic chain in 
maintaining the level of blood pressure 


When TEA was given m the early period after completion of total 
sympathectomy in nine patients there was no appreciable change in blood 
pressure in two, while in seven there was a definite rise in both systolic and 
diastolic pressures This response is interesting but the explanation is not 
definite More important is the finding that eight to 14 months later, after 
postural hypotension was lessened and other evidences of residual sympa- 
thetic pathways had appeared, the administration of T E A in three patients 
was followed in each by a slight fall in resting blood pressure and a marked 


fall on standing 



Fig 6 — Patient No 8 Effect on blood pressure of dibena- 
mine and “reversal” of epinephrine two years after total sym- 
pathectomy 


Figure 5 IS a graphic record of the effects of TEA at different periods 
in the course of observation, before, during and after total sympathectom\ , 
in one patient (No 17), and it demonstrates the points that have been made 
m the use of this drug in showing the relation of residual sympathetic path- 
ways to the maintenance of blood pressure 

Dibenamme* (dibenzyl beta-chloroethylamine hydrochloride) like T E 
may cause a fall in blood pressure, but through a different pharmacologic 
action It IS believed to have a combined effect of producing a sympatlietic 
paralysis of the neuro-effector cells peripherally and of neutralizing epm 
ephrine , that is, its action is both sympatholytic and adrenolytic Since muc 
has been said about the probable action of vasopressor substances, particu 
* Dibenamine was supplied by Givaudan-Delaw anna Inc, Delawanna, N J , throii^ 
the courtesy of Dr W Gump 
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circulating epinephrine, in maintaining blood vessel tone and an elevated 
blood pressure in some hypertensives, dibenamine seemed an ideal drug for 
testing the role of epinephrine in a patient (No 8) who had a sustained 
hypertension two years after total sympathectomy (Fig 6) When dibena- 
mine was given there was a prompt fall in blood pressure, due presumably 
to the dual action of the drug on residual sympathetic nerves and on circulat- 
ing epinephrine Before the blood pressure returned to its initial level the 
administration of epinephrine caused a new fall in blood pressure, which was 
a reversal of the effect which might have been expected But most important 
was the observation that 15 hours after return of the blood pressure to its 
initial level a repeat injection of epinephrine again showed a reversal of the 
normal reaction From this it is suggested that circulating epinephrine is 
not the factor that maintains an elevated blood pressure after total sympa- 
thectomy, but that residual sympathetic activity or some other unknown 
factor IS 


CONCLUDING REMARKS 

The justification for employing sympathectomy m the treatment of hyper- 
tensive vascular disease still suffers for lack of an understanding of the 
etiology of the disease, and of the mechanism by which the operation is 
sometimes beneficial The maintenance of systemic blood pressure is a physio- 
logic mechanism which does not differ basically from other homeostatic 
mechanisms controlled by the autonomic nervous system Whether essential 
hypertension is primarily an extreme expression of this function, or whether 
some other and essentially unrelated factor supervenes, evades many efforts 
at detection Furthermore, for lack of evidence, there is disagreement con- 
cerning the significance or the role of the elevated blood pressure m the 
disease Sympathectomy has never been anything more than an empirical 
therapeutic effort, but as such there is ample evidence that it often lowers 
blood pressure and results in measurable benefits to the patient 

For those who are occupied with the performance of the surgery there 
have been changing ideas regarding the necessity and the safety of increas- 
ingly extensive sympathectomy More information was needed on whether 
complete removal of the paravertebral ganghonated chains would improve 
on the shortcomings of lesser operations and, just as important, whether the 
organism could survive this loss without serious limitations The study of 
the patients of this series has provided some of the answers 

The evidence indicates in some measure that there is a quantitative rela- 
tionship between the extent of the sympathectomy and degree of lowering of 
the blood pressure This apparently has nothing to do with the more complete 
or permanent denervation of any specific region such as the splanchnic area, 
but IS related to a more widespread vasomotor paralysis Even so, the per- 
centage of improved results in the blood pressure lowering effect is hardly 
great enough to justify the somewhat greater morbidity and mortality which 
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attend the total sympathectomy when compared with a lesser operation such 
as the thoiacolumhar Ty or 8 to L3, and splanchnic nerve resection 

There are advantages to the total sympathectomy, however, m that it 
deafferents and decellerates the heart It also improves vasospastic states 
in the extremities which, if not initially present, may become a source of 
concern after less complete sympathectomy These effects would seem to 
constitute the chief, if not the sole, justification for extending the sympathec- 
tomy above the mid-thoracic level 

That total paravertebral sympathectomy from the stellate to the third 
lumbar ganglia does not imply complete sympathectomy is impressivel\ 
established by the evidence of residual sympathetic activity via nerve path\va^s 
which do not traverse the ganglionated chains It is the presence of these 
residual nerves, augmented in their activity by the demands of the organism 
to compensate for what has been lost, that maintains some degree of homeo- 
stasis and, too, may also compromise the effect of the operation on the level 
of blood pressure 

It is concluded then, that 


1 Total paravertebral sympathectomy from the stellate to the third lum- 
bar ganglia accomplishes a somewhat greater blood pressure lowering effect 
than does the less extensive thoracolumbar (Ty or 8 to L3 and splanchnic 
nerve) sympathectomy However, it does not appear that for this purpose 
alone there is enough advantage to the former to justify its use except in 
special circumstances 

2 The special circumstances include chiefly, angina pectoris, tachycardia 
and vasospastic states in the extremities In these conditions total sympathec- 
tomy has demonstrated its worth 

3 Homeostasis has not been significantly threatened by the operation, 
and after a period of readjustment patients are able to lead relatively normal 
lives within the limits of extreme demands on the body 

4 Much of the preserved homeostasis, as well as other evidences of 
persistent sympathetic activity after total sympathectomy, is believed due to 
the existence and augmented activity of sympathetic nerves that are not 
interrupted by the operation 
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Discussion —Dr Rcginald H Smitiuvick, Boston, Mass I think Dr Ray and I 
agree pretty completely on most aspects of the surgical treatment of hypertension I 
would like to state my feelings about total sympathectomies as briefly as possible 

In investigating the problem of hypertensive cardiovascular disease and its treat- 
ment by sympathectomy, it has been my policy to commence with the least extensive 
procedure which might be helpful and, having evaluated the result, then to extend the 
maneuver if nothing Nvorthwhile seemed to have been accomplished 

Having observed the response to subdiaphragmatic or supradiaphragmatic splanch- 
nicectomy in groups of patients, the operation was extended in failures to n combined 
maneuver by reoperating upon the same individuals and increasing the extent of the 
maneuver either upward or downwaid Because it was possible to increase the per- 
centage of early successes by about 30 per cent without adding unduly to the morbidity 
or mortality, the combined procedure, called lumbodorsal or thoraco-lumbar splanch- 
nicectomy, was adopted as a standard procedure a little over ten years ago 

In approaching the question of total sympathectomy the same plan has been 
used, namely, to extend the operation in failures following thoracolumbar sympathectomv 
to total sympathectomy m subsequent stages Over a period of 12 years I have per- 
formed total sympathectomy in 16 patients I have not been impressed by any additional 
benefit to the patients either with regard to blood pressure levels or the further abolition 
of reflex vasomotor elevations of blood pressure as judged by the Valsalva maneuver 
I have been impressed by the fact that four of the 16 totally sympathectomized 
patients ^\ere totally ’disabled for long periods of time because of their inability to stand, 
having lost both their capacity to constrict the splanchnic bed and to accelerate the 
heart rate Ihis is demonstrated by the first slide 

It IS my belief that total sympathectom} should neser be performed as a primary 
procedure in hypertensne patients The morbidit} and mortalit} will be too great, 
aside from the probabilit} that it is unnecessary Also, the success or failure of surger} 
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of this sort depends upon many factors other than the e\tent of operation-particularlt 
the amount of cardiovascular damage which exists at the time of operation 

My experiences with thoracolumbar splanchmcectomy have led me to belieie that 
there are two groups of patients who should not be treated in this fashion, namel), tho c 
with coronary heart disease and angina pectoris, and those with postural tachj'cardia 
These, I feel, are best treated by a transthoracic sympathectomj', remo\ing the chains 
bilaterally from the inferior cervical to the twelfth thoracic ganglia in the former, and 
from the second thoracic to the twelfth ganglia in the latter group These operations are 
performed at present in about 15 per cent of the patients, and with thoracolumbar pro- 
cedure in about 85 per cent of patients 

I personally do not feel that it is necessary to do a total sympathectomy as a priniarj 
procedure in patients with hypertension and angina pectoris or tachycardia 



Groups and compared with their 219 cases followed five to nine years 


I should like to say a word about the value of splanchmcectomy m the management of 
hypertensive cardiovascular disease This, in the last analysis, will be judged bj its e k 
on the progress of cardiovascular disease and upon life expectancy We now have a su ^ 
cient number of consecutive, unselected cases followed for a sufficient length of time a e^ 
lumbodorsal splanchmcectomy to indicate that the progress of cardiovascular disease 
been slowed, and life expectancy increased to a statistically significant degree 
This IS indicated by a comparison of the survival curves of our patients with 
Keith, Wagner and Barker, of the Mayo Clinic Their data for medically treated pa iea> 
published in 1939, stands today as the best available standard by ivhich to ju ge 
efficacy of any form of treatment for hypertensive cardiovascular disease 

The illustration shows the survival curves of Keith, Wagner and Barker or 
of 219 unselected hypertensive patients divided into four groups according to t le se 
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of the changes m the eyeground There are minimal vascular changes m Group i, 
sclerotic changes in Group 2, hemorrhage or exudate and vascular changes in Group 3, 
and the so-called malignant hypertensives in Group 4, patients who generally have hemor- 
rhage and exudate and always papilledema The percentage of survivals that you see 
depends upon the seventy of the disorder at the time of the beginning of the period of 
observation , and particularly, in Groups 3 and 4, by the end of about seven years all of 
the patients are dead 

The figure also shows our survival curves for the first 299 consecutive unselected 
cases which were treated by thoracolumbar splanchmcectomy, and divided into comparable 
groups The difference between the two series is very striking It is highly significant on 
statistical analysis for Groups 2, 3 and 4 

It IS my belief that if one performs the right type of operation at the proper stage of 
the disorder, surgery is of real value in the management of this disease This would 
exclude the use of total sympathectomy as a primary procedure and the use of surgery of 
any sort in the terminal or near terminal stage of the disease 
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The laboratory experiments reported in this paper were conducted to 
determine the value of the antibiotic, bacitracin, as a propliylactic agent against 
Closttidmm welchti infection in guinea pigs 

In May, 1943, while studying the bacterial flora of badly containinated 
civilian accidental wounds, Johnson, Anker and Meleney discovered an organ- 
ism which produced a powerful antibiotic agent ^ The organism is a gram- 
positive, spore-forming aerobic rod and it belongs to the Baalh/s subhhs group 
The antibiotic has been named bacitracin It possesses a wide range of anti- 
bacterial activity It IS effective, m vitro, against gram-positive organisms such 
as streptococci, pneumococci, staphylococci, micrococci corynebactena and 
clostndia, and against two species of gram-negative organisms, gonococci and 
meningococci It is ineffective against gram-negative aerobic rods such as 
members of the coliform, proteus, and pyocyaneous groups Spirochetes are 
highly susceptible, but fungi, such as moniha and cryptococci, are resistant 
Johnson, Anker, Scudi and Goldberg^ reported the first observations on the 
use of bacitracin m clostridial infections in animals Guinea pigs were protected 
against the development of gas gangrene when Clostndtum tvelchit or C/os- 
Uidium septicmn was the infecting organism Eighty to 90 per cent of the 
animals survived when an i8-hour culture of Chshidmm wekhn was injected 
into the thigh muscles in the amounts of 05 to o 25 cc and bacitracin 
was injected immediately subcutaneously, followed by subsequent doses 
every 3 hours for 36 to 72 hours The first dose was 400 units, the 
second dose 200 units and the remaining doses 100 units Some swelling of 
the leg occurred in the treated animals, but after 12 to 18 hours this subsided 
completely All of the untreated control animals died within 24 hours When 
a similar dosage of bacitracin was given after a 3-hour delay between contain 
ination and the first treatment with bacitracin, the animals were not protecte^ 
Similar studies with bacitracin in experimental clostridial infection ha\e 
been conducted by Altemeier ^ Animal wounds containing crushed muse e 
and sterile dirt were contaminated with one MLD of Clostndiwn iveen 
The animals were treated ivith 2000 or 8000 units of bacitracin per kilo^ran 
daily, divided into doses given at 4-hour interv'als The result of this expen 
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ment showed that hacitraon had a definite propln lactic and therapeutic effect 
on these infections 

METHODS 

In a previous communication'* it was pointed out that it was highly desirable 
to devise experiments in which clostridial infections in animals simulate as 
closely as possible clinical gas gangrene m human beings In the experiments 
which are to be described in detail, wounds were produced m anesthetized^ 
guinea pigs and contaminated with dost) idnim welchn winch is the organism 
most frequently associated with clinical clostridial infections m human beings 
The study w'as conducted so that m each experiment one group of animals 
received a wound and a contaminating inoculum, but w'as given no bacitracin 
and the animals serving as controls, wdnle another group of animals comparable 
in number and in w^eight received a wmund, an identical contaminating inoc- 
ulum, and bacitracin In principle the method used to produce the experimental 
lesion is that described in 1940 by Legroux The object of this investigatoi 
was to produce m guinea pigs lesions simulating w^ar wmunds contaminated 
with clostndia and to treat them with chemotherapeutic agents 

In the study herein reported guinea pigs were used as the experimental 
animals Their w'eights ranged from 294 to 1038 grams, how'ever, the usual 
w^eight m any given experiment ranged from 325 to 550 Gm The haii w^as 
removed from both hindquarters by clipping The animals were anesthetized 
with sodium pentobarbital administered subcutaneously in the form of a 
I per cent solution 111 distilled w^ater Three and one-half to 4 cc of this 
solution per kilogram of body weight produced satisfactory anesthesia The 
skin of one hmdquarter and leg w'as scrubbed wuth a brush, using soap wuth an 
added chemicaF and water, after which this aiea w'as sprayed wnth an antiseptic 
solution f The operation w^as performed under aseptic technic A skin incision 
I cm m length was made over the gluteus maximus muscle of the animal 
After this muscle was exposed, a portion of it w^as traumatized by crushing 
wnth a Kocher clamp An effort was made to achieve uniformity in the size of 
the incision and the degree of trauma The skin wmund w'as then closed wnth 
non-absorbable sutuie material and covered wuth collodion, wdnch was allow^ed 
to dry The latter two steps w^ere performed to reduce the probability of sec- 
ondary contamination of the operative wmund, to prevent loss of the bacterial 
inoculum, and to insure an anaerobic environment in wdnch the organisms 
could multiply Finally the wmund was contaminated by injection of bacteria 
through the adjacent normal skin into the traumatized muscle, using a hypo- 
deimic needle and syringe 

Actively growing vegetative forms of Clostndiuni ivelcJmi cultured in 
cooked beef heart medium w ere used in the dosage recorded below to conlami- 

* Bls-(3,5,6-tnchloro-2-h^<l^ox^phe^^l)nlctl^a^c 

t Formula HgCI, 07 Gm tricresol 5 cc , acetone 100 cc , alcoliol (9=;9f) 52s cc , 
V ater 37s cc 

$ The organism used was obtained from Dr Frank L Mclene\, of tsew York, wlio 
Ind origmallj obtained it from Dr Dan C Hall It is identified as Strain 1029 

675 



SANDUSKY AND KEEBLE 


AnnaU of ^'UTRfjr 
October 

nate the wounds Before each experiment a gram-stamed smear of the culture 
was made for the purpose of detei mining the purity of the culture At the same 
time a serial dilution of a portion of the culture was made -to cleterniiiie the 
highest dilution in which the organism could be grown This value for the 33 
separate expenments was as follows 10 ^ in 2 experiments , 10 ‘ in 2 , 10 “ m 
12, 10 in 9, 10^^ in 5, and 10 in 3 

In one experiment in which o i cc of a 12-hour culture was used, only four 
out of 1 1 control animals died of clostridial infection , however, all six of those 
that suivived the 15-day period of observation showed evidence of clostridial 

NUMBER OF ANIMALS IN EACH CATEGORY 



Fig I — A graph to show the percentage of animals surviving for 
^ IS days without evidence of clostridial infection in those experiments 
(See Table III) in which the administration of bacitracin was delayed 
" for varying intervals of time following wound contamination The 
contaminating inoculum consisted of o i cc of a 4 to 6)4 hour cul- 
ture of Clostndiuiii ivelchu Bacitracin (Lot No B480420) in the 
amount of 3 units per gram was given to one group of animals Another 
group served as controls 


infection After this experiment the inoculum was increased to o 2 cc and in 
four expenments performed with this inoculum 20 out of 33 control animals 
died of clostridial infection Of the 13 animals that survived the iS'day 
of observation all showed evidence of clostridial infection Because of dissat 
isfaction with the results of these early experiments, the inoculum was furt ler 
altered, and in the remaining experiments a 4 to 6^4 hour culture was usee 
and o r cc was administered The results became highly satisfactory an 
among 180 control animals 173 died of clostiidial infection Of the 173 anima s 
88 per cent died within 72 hours of the contamination All of the seven anima s 
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Fig 2 Fig 3 

Fig 2 — Photograph of a control animal taken shortly after death 20 hours 
following wounding and contaminating with o i cc of a culture of Clostridium 
zoclchn Note the extensive edema and discoloration of the right thigh, groin and 
lower portion of abdomen 

Fig 3 — Photograph of an animal wounded and contaminated at the same time 
as the one in Figure 2, but one that recened bacitracin in the amount of 2 units per 
gram shortly after contamination Note normal appearance of the wounded right leg 
This animal survived the 15-day period of observation 



Fig 4 — Photographs (anterior and posterior \iews) of an animal that \%as 
guen bacitracin m tlie amount of one unit per gram shortlj after recening a wound 
contaniiiijited with Closindtum nclchtt Tins animal sur\ued 17 da\s at which time 
he tsM 4 pTiotographed, sacrificed and autopsied There was no evidence of clostridial 
infection Note the small crust co\cnng an otherwise cleanly healed wound 
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that survived the 15-day period of observation showed evidence of clostridial 
infection A mortality rate of this magnitude obviously offers an adequate chal- 
lenge to the antibiotic 

Bacitracin* was dissolved in physiologic saline solution and administered 
intramuscularly m vaiying dosages The dosage was calculated on the basis 
of the weight of the animal, and m this report is expressed in units per gram 
In three groups of experiments the antibiotic agent was given 5 to 10 min- 
utes after contamination of the wound except in one experiment m which the 



Fig S — Photographs (anterior and postener vieivs) of an animal that was 
given bacitracin in the amount of 3 units per gram shortly after receiving a 
wound contaminated with Clostridium welcim This animal survived 17 dajs at 
which time it was photographed, sacrificed and autopsied Note the complete!) 
healed operative wound (The hairless area in the photograph on the riglit ) 


interval was 20 minutes The amount of drug administered in the difterent 
experiments varied, ranging as follows i 66 units per Gm every 4 hours until 
18 injections had been given , 3 3 units per Gm eveiy 4 hours until 3 injections 
had been given , and finally single injections in amounts of Yi, i, 2, 3 and 10 
units per Gm 


In a fourth group of experiments the administration of bacitracin was 
delayed following contamination of the wound but the dosage was kept at a 
constant of 3 units per gram The interval between contamination and admin- 
istration of the drug ranged from 5 to 10 minutes up to 6 hours 

During the postoperative period each animal w as kept in a separate cage and 
offered a diet consisting of commercial!}'- prepared food pellets, fresh vegetables 
and water The animals were observed at frequent intervals and notes were 
made concerning their general state of health and the appearance of the loca 


' The bacitracin used in these experiments was supplied bj Commercial Sohod® 
Corporation of Terre Haute, Indiana 


678 



Volumo 130 
rs umber 4 


USE OF BACITRACIN IN GUINEA PIGS 


lesion Every animal that died was subjected to a postmortem examination, 
and cultures were obtained from the tissue exudate in almost all of those that 
showed gross evidence of infection All surviving animals ^\ere kept under 
observation for 15 days 

RESULTS 

When infection occurred following wound contamination the clinical course 
of the guinea pigs and the gross pathologic lesions were characteristic The 
animal developed swelling m the region of the wound which promptly spread, 
so that the ipsilateral thigh was soon 
included Usually before the animal 
died the piocess involved the groin 
and the abdominal wall, and in some 
instances the thoracic and even the 
ceivical legions The swelling became 
noticeable m the region of the wound 
and in the wounded leg in approxi- 
mately 12 hours and often reached the 
abdominal or thoracic walls within i8 
to 24 houis Most of the animals that 
survived infection foi as long as 72 
houis developed skin necrosis in the 
ai ea immediately surrounding the site 
of operation In some this necrosis 
was even moie widespread, involving 
areas on the leg, giom or abdominal 
wall The infected animals looked ill 
They weie listless, inactive, and ate 
pooily These signs progressed with 
the passage of time At postmortem 
examination, made in all fatal cases, 

111 the aiea immediately sui rounding 
the wound, the muscle was invariably 
pale, avascular and necrotic, and often 
liquefied Beyond this zone theie were hemorrhagic congestion and edema of 
the muscle In the adjacent subcutaneous tissue spaces there was an exudate 
more often serosangumeous, but occasionally slightly gelatinous This was 
often extensive, and seemed to accumulate in pockets in association with gas 
Cultuies taken from this exudate consistently yielded Clostudntm ivclchn 
Every control animal developed the lesions of clostridial infection, howe\er, 
some lecoveied despite the fact that the piocess ultimately reached an advanced 
stage These animals showed during the 15-da} period of observation the same 
type of swelling as those w Inch died and show ed also suljsequent spontaneous 
wound disruption, with the discharge of foul-smelling purulent material and 
finally, ulceiation and crust formation When saciificed and aiitopsied, there 
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Fig 6 — Photograph of a control animal 
14 days after wounding and contamination 
with Clostridium ivclchn Note the exten- 
sive amount of crust, ulceration and gan- 
grene This IS one of a small number of 
control animals that survned the i=i-da> 
period of observation It showed c\idence 
of clostridial infection at autopsy 
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were varying degrees of muscle injury ranging from complete dissolution to 
slight superficial necrosis Figure 6 is an illustration of such an animal 
In the majority of the animals that did not develop active infection there 
was primary healing of the wound In a few instances the operative wound 
became superficially ulcerated, but m no way showed any of the characteristics 
of clostridial infection Some animals among those receiving bacitracin shoved 
local reactions which took the form of swelling involving the ipsilateral leg or 
even the abdominal or thoracic walls This usually appeared by the end of the 
first 1 8 to 36 hours after operation and gradually subsided within the ne\t 24 
to 48 hours This reaction apparently did not result in permanent change 
When the period of observation had terminated these animals were sacrificed 
and autopsied, and in every instance the region previously the site of swelling 
appeared to be entirely normal Other animals in the bacitracin group sunmed 


Table I — Results of the first five evpcriinents tn winch there was a high survival rate 
among control animals and a loss of numeious bacitracin animals due to causes other 
than clostridial infection In these erpenments the contaminating inoculum consisted 
of either 01 01 02 cc of a 12-hotn culture of Clostridium zvclcliti Bacittaciii {Lot 
No B471231S) was administered as indicated above 

Bacitracin Controls 


Units per Gm in each injection 

1 66 

33 

10 

5 


Number of injections 

18* 

3* 

1 

1 


Total dosage of bacitracin in units 

30 

10 

10 

S 


Total number of animals 

19 

44 

is 

IS 

44 

Survived without evidence of clostridial infection 

5 

37 

12 

14 

0 

Died of causes other than clostridial infection 

14 

7 

3 

1 

0 

Survived but showed clostridial infection 

0 

0 

0 

0 

20 

Died of clostridial infection 

0 

0 

0 

0 

24 


♦First injection 5 10 minutes after wound contamination, subsequent injections every 4 hours 


the 15-day period of observation, but showed, as is described above, changes 
compatible with clostridial infection All such examples occurred among those 
animals receiving 2 units or less of bacitracin per gram at the time of con- 
tamination or among those receiving 3 units per gram given after the lapse of 
an interval of time 

A total of 747 guinea pigs was used m this study Thirty-three separate 
experiments were performed, each involving from four to 38 animals The 
results of these experiments are recorded in Tables I, II, and III These tables 
are based on observations made on 724 animals, 23 animals having been 
excluded from consideration Each of the animals excluded had been anesthe 
tized, operated upon, and the wound had been contaminated, but each die 
within the first 12 postoperative hours, never having recovered from anesthesia 
The exclusion of such animals seems justified, since none had developed clin 
ical evidences of clostridial infection by the time of death 

In the first five experiments (Table I) the mortality rate among tie 
control animals was too low to offer a sufficiently critical test for the antibiotic 
agent Moreover, a large number of the animals treated with bacitracin die 0 

680 



Vnlumo 130 
^umb''r 4 


USE OF BACITRACIN IN GUINEA PIGS 


causes other than clostridial infection Therefore no conclusion can be drawn 
from this group of experiments 

The results in the remainder of the experiments are decidedly more con- 
clusive Those experiments in which bacitracin was given shortly after wound 


Table II — Results of expeuments m which bacitracin (Lot No B4S0420) ivas adminis- 
tered between 5 and 10 minutes after wound contamination The contaminating 
inoculum consisted of 01 cc of a 4 to 6^4 hour culture of Clostridium zvclchu The 
controls received a contaminating inoculum but no bacitracin 


Bacitracin Controls 

Amounts in units per gram 


Total number of animals 

3 Units 

51 

2 Units 

22 

1 Unit 

33 

0 5 Unit 

25 

114 

Survived without evidence of clostridial infection 

SO 

19 

25 

6 

0 

- 

(98%) 

(86%) 

(75%) 

(24%) 

(0%) 

Died of causes other than clostridial infection 

0 

I 

3 

2 

0 

Survived but showed clostridial infection 

0 

0 

4 

7 

2 

Died of clostridial infection 

1 

2 

1 

10 

112 


contamination are summarized in Table II From tins table it can be seen that 
among 114 control animals every one developed clostridial infection and only 
two survived the 15-day period of observation When bacitracin m the amount 
of 3 units per gram of the animal’s body weight was given to 51 animals, 98 per 
cent showed no evidence of clostridial infection and survived When smaller 


Table III — Results of experiments in which vatying intervals of time zvcrc allowed to 
lapse between wound contamination and the administi ation of bacitracin The contam- 
inating inoculum consisted of 0 1 cc of a 4 to (5J4 hour cultuic of Clostridium xvclchii 
Bacitracin (Lot No B4S0420) in the amount of 3 units pa Cm teas given to one 
gtonp of animals The rcmainda saved as controls 



5 to 10 
Minutes 

Interval between wound contamination and 
administration of bacitracin 

1 2 3 4 5 

Hour Hours Hours Hours Hours 

6 

Hours 

Controls 

Total number of aniimls 
Survived without evidence of 

67 

39 

38 

41 

30 

30 

31 

66 

clostridial infection 

65 

34 

35 

26 

12 

9 

2 

0 

Died of causes other than 

(97%) 

(87%) 

(92%) 

(63%) 

(40%) 

(30%) 

(6%) 

(0%) 

clostridial infection 

Survived but showed clostridial 

2 

4 

0 

1 

1 

0 

0 

0 

infection 

0 

1 

1 

3 

7 

4 

2 

5 

Died of clostridial infection 

0 

0 

2 

11 

10 

17 

27 

61 


amounts of the agent were given the figure for survival without evidence of 
clostridial infection decreased, being 86 per cent, 75 per cent and 24 per cent for 
2, I and Yx units lespectively 

The experiments m wdnch an inter\ al of time w'as allowed to lapse betw een 
drug administration and wmund contamination (Table III and Figure i) 
clearly demonstrate that delay in administration of the drug beyond two hours 
significantly reduces its effectiveness 
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DISCUSSION 

Although the clostridial infection produced by the method herein described 
simulates clinical gas gangrene in human beings, it is not identical with it 
There are a number of differences The contamination in these experiments 
was undoubtedly proportionately more massive than that usually occurring in 
traumatic wounds in human beings Moreover, the organisms entered the 
wound m an actively multiplying state, whereas in the usual clinical wound tlie 
contaminating clostndia enter m the spore form Thus, for comparable inter- 
vals following contamination, the experimental lesion is apt to be further 
advanced bacteriologically than is the clinical wound Gas gangrene in the 
human being is usually polymicrobial whereas in these experiments only one 
organism wms used In the mixed flora of the clinical case there may be 
organisms which produce substances that inactivate an antibiotic otherwise 
effective against the clostridial flora of the wound This may be one element 
in the explanation of the efficiency of penicillin in certain cases of clostridial 
infection and its relative ineffectiveness in others ® With but one known excep 
tion,’’’ the action of bacitracin is not influenced by the products of bacterial 
metabolism 

The usefulness of bacitracin is limited by evidences of toxicity which have 
been reported ® Thirty-nine out of 500 animals receiving bacitracin 111 the 
study herein reported died of causes other than clostridial infection These 
animals either had diarrhea during life or showed pneumonia at autopsy There 
appear to be at least two possible explanations ( i ) These processes are pri- 
mary conditions and represent mtercurrent infections, or (2) They are sec- 
ondary terminal manifestations of a primary process which may be some form 
of drug toxicity In favor of the former explanation is the fact that during the 
period in which this high mortality rate was occurring a great many animals 
m the stock guinea pig colony were also found dead Unfortunately these were 
not autopsied and there is no explanation for the causes of their deaths More- 
over, the susceptibility of guinea pigs to mtercurrent infections is well known 
In favor of the second explanation, namely, that the deaths were due to drug 
toxicity, IS the fact that the mortality rate closely parallels the total amount of 
bacitracin administered It is noteworthy that observations^^ have been made 
which indicate that Lot B451231S of bacitracin is more toxic than Lot B480420 

Renal changes have been reported®’ ® m laboratory animals receiving baci- 
tracin In view of this observation, kidney tissue has been saved from a num- 
ber of the animals that died of causes other than clostridial infection Micro- 
scopic stud}’’ revealed that many of those that received bacitracin in the total 
amount of 30 units per gram showed necrosis of the epithelium of the convo 
luted tubules 

There is hope that the disadvantage of toxicity may be overcome, and 1 i 
IS, a potent agent will be added to the ever increasing antibiotic armamentarium 
against surgical infections At the present time adequate and early surgica 
debridement is the most effective means of prophylaxis, and early diagnosis an 
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prompt surgical extirpation of the diseased tissues the most effective therap}^ 
for clinical gas gangrene Other measures, such as antitoxin, transfusion and 
chemotherapy are useful and necessary adjuncts, but in the search for the ideal 
chemotherapeutic agent with which to combat clostridial contamination and 
infection one must not lose sight of the fact that surgery remains our most 
effective weapon 

SUMMARY AND CONCLUSIONS 

Experiments were conducted m which wounds were produced m anesthe- 
tized guinea pigs and contaminated with Clostuduim welchn Untreated con- 
trol animals developed lesions^ simulating clinical gas gangrene in human beings 
Bacitracin, an antibiotic derived from a gram-positive spore-forming rod of 
the Baallus suhtths group, was used as a prophylactic agent and administered 
intramuscularly 

The first five experiments involving 137 animals gave inconclusive results 
because of a high survival rate among control animals and a loss of numerous 
treated animals due to causes other than clostridial infection 

In subsequent experiments involving 245 animals there w'cre 114 control 
animals of which all but twm died of clostridial infection Among 51 animals 
that received bacitracin 111 the amount of 3 units per gram, shortly after w^ound 
contamination, 98 per cent show'ed no clostridial infection and survived the 15- 
day period of observation Amounts less than 3 units w^ere less effective 
Experiments involving 342 animals in wdnch the bacitracin dosage w'as 3 
units per gram administered at varying intervals following wound contamina- 
tion, showed that dela}^ in administration of the drug beyond 2 hours signifi- 
cantly reduces its effectiveness 

These experiments indicate that 3 units per gram of body w^eight is an 
effective dose of bacitracin, and wdien administered at the time of wmund con- 
tamination IS capable of protecting guinea pigs against Clash idmm wcIcJm 
infection When the interval betw'een contamination and drug administration is 
lengthened beyond 2 hours the prophylactic effectiveness of the drug diminishes 
wuth each hour and is completely lost by 6 hours Due to differences betw'een 
the infection in the experimental animal and the human being, these results 
must be applied wuth caution to the clinical problem How^ever, they do sug- 
gest that wdien bacitracin becomes available in a form which can be given wuth 
safeL}’^ It ma)’^ be a valuable adjunct to other w'ell recognized forms of treatment 
in clinical gas gangrene in the human being 
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Discussion ~Dr Edwin P Lehman, Charlottesville, Va I have been greath 
interested in following this work ivith bacitracin There is no question of the fact that 
these observations have proved its efficacy as a prophylactic in experimental C/osIndtmii 
welchn infection in the animal 

I should like to re-emphasize the point that Dr Sandusky has made, nameb , that, up 
to the present time, at least, any antibiotic therapy, including bacitracin, must be con 
sidered solely as an adjunct to surgical treatment in accordance with established principles 
Even such striking results as those just presented do not indicate the use of bacitracin 
instead of surgery This point must be stressed repeatedly in teaching, although of course 
it does not need stating before this audience 

Furthermore, it should be repeated that the present status of preparation of this sub 
stance does not yet permit its general use by systemic administration in the pre\entio!i 
or treatment of human ClosUidium xvclchu infection There is reason to predict that it 
would prove as effective in the human being as in the animal if it w'ere permissible to use it 
At the present time the problem of its toxicity is under intensive study, and it now 
seems possible to get batches of the drug which show little or no toxicitj Until the tovic 
factor can be reduced consistently or eliminated during the preparation of bacitracin, the 
latter cannot be made generally available for systemic use, although it has been released 
for local administration in human beings 

I sEould like to emphasize also one other point in regard to bacitracin w'hich r 
Sandusky did not have time to make Bacitracin has been shown by others to be inactnatci 
by the products of bacterial metabolism in the case of only one known organism In t is 
respect it differs from penicillin, which is so frequentlj' inactivated by penicillinase ic” 
It becomes permissible to use it m the clinical case it should therefore theoretica i 2 
effective when the infection is one of Clostridium zvcIcJiit with varioush mive otic 
flora, as m the usual case of human gas gangrene 

Dr Sandusky is continuing work with bacitracin using other organisms 0 t ic c 
tridial group He also has started studying aureomycin and chloromycetm Results lU^ 
aureomycin m preliminary experiments in animals, using the same technic as be las 
scribed, are encouraging He has found that chloromycetm is effective in \ itro agains 
Clostridia The animal experiments have not been sufficient m number to allow anj P 
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diction about the effectiveness of chloromycetm against Clostridium wclchn in the luing 
organism 

Dr. Frank L Mflcniv, New York, N Y When I looked over the program of 
the meeting, I was particularly impressed with the fact that only two of the papers have 
to do with infections This shows perhaps how far we have come m recent > ears in bring- 
ing infection under control 

But there are still a few problems of infection which have not yet been solved, and I 
believe that gas gangrene is one of them Those who saw gas gangrene during the war 
(and I believe Dr DeBakey can give us the figures) realize that the problem of gas 
gangrene was not solved by penicillin or the sulfonamides 

I have not seen a case of gas gangrene in the last tw'O years, probably because our 
hospital has no ambulance service, and particularly avoids the admission of street acci- 
dents, including gunshot wounds and compound fractures in w'hich gas gangrene is so 
prone to develop However, if we have another war, which God forbid, gas gangrene will 
be a major problem among the victims of atomic bombs, and until we have peace estab- 
lished we must prepare for that eventuality 

I am glad that Dr Sandusky has been able to continue his studies on experimental 
gas gangrene, so well begun before the war, when he was trying to evaluate the sulfon- 
amides in the treatment of this disease These experiments which he has done recently seem 
to indicate that bacitracin can prevent the development of this disease in guinea pigs if 
given m time and in sufficient quantities They suggest that it may be a valuable adjunct 
to the accepted forms of treatment in clinical gas gangrene in human beings 

The question arises as to whether the presently available bacitracin is safe to use in 
large enough doses to be effective That is the feature of Dr Sandusky’s paper that I 
wish to discuss 

It was thought that bacitracin might be worthy of consideration for Dr Sandusky’s 
studies 111 the treatment of gas gangrene when we studied its antibacterial spectrum and 
found that it was active against a wide variety of organisms, and was particularly active 
against the gas gangrene group Furthermore, it was not inactivated by the organisms 
which inactivate penicillin by the production of penicillinase, and which are so common 
as secondary factors in cases of gas gangrene 

(Slide) This is a chart showing the spectrum of bacitracin You will sec that it is 
effective against a large group of organisms, staphylococci, streptococci, pneumococci, 
gonococci, meningococci, diphtheria bacilli, and so on It is not effective against many of 
the aerobic gram-negative rods, but it is effective against all of the gas gangrene clostridia 
and tetanus and also the anaerobic streptococci These organisms are the ones that are to 
be considered as the essential causes of gas gangrene, with many secondary contaminants 
among the other bacterial groups I wish to remind you also that bacitracin has significant 
synergistic action with penicillin in the inhibition of growth and the death of the gas 
gangrene organisms as well as other bacteria 

Some of you may remember that at the meeting of the American Surgical Association 
a year ago I reported on 105 cases of surgical infection treated systemically with bacitra- 
cin, and I brought up the fact that while we had found it effective in controlling nian> 
types of infection, we were beginning to run into cases which showed a considerable 
degree of kidney irritation This was true particularlj in cases treated in the spring of 
1948, when we began to use material made by the deep tank growth of the organism, and 
which was inconsequential when we employed the earlier preparations made by surface 
growth 

We have now treated over 225 cases, and they can be divided into three groups The 
first 75 patients were treated with the Ben Venue Laboratories product grown on surface 
culture and thev showed verj little evidence of ncphrotoxicitv The next 75 patients were 
treated witli the first product of the Commercial Solvents Conipanj made m the deep 
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tanks, and some cases showed rather alarming albuminuria, and a rise in retained im 
protein nitrogen, and in a few cases we were required to stop treatment for fear of senou 
kidney damage The last 75 patients were treated with selected lots of the Commercial 
Solvents Company’s product, and with these we have again had very' little trouble. Si 
that now we have regained our confidence m the safety of the systemic administration "ot 
this antibiotic although, for the present, it is wise to limit the dosage to 400 imih eien 
SIX hours per kilo of body weight 

After we had run into difficulties with the second group of cases, we took stock oi 
our results and found that the toxicity was largely confined to certain lots This is slioiui 
m the next slide , 

(Slide) These are the lots made by the deep tank method We had only one case m 
severe toxicity with the surface growth bacitracin In that case, we had to stop ireatmen! 
because of nausea and vomiting and albuminuria, but they promptly cleared up folloiun^ 
cessation of treatment However, with the deep tank lots, we made a careful studi of tlie 
clinical evidences of kidney irritation These results are divided into three groups— ca':c> 
showing none or only slight and transient evidences, those with moderate but transient 
evidences, and those which we called severe because of nausea and vomiting or a degree 
of albuminuria, casts, or cells m the sediment, or a rise m N P N , which made us fear 
that the kidneys might be damaged There were no fatalities, however, that could definiteh 
be ascribed to bacitracin m any patients in this severe group In this study ue also noted 
those patients which had some evidence of kidney damage, probably due to the infection 
itself 

As a result of this study, since July i, 1948, up to February 15, 1949, we ha\e treated 
all of our cases except six with lots which have shown, by the Food and Drugs Adminrs 
tration test, an L D 50 of 500 units for a 20-Gm mouse The FDA tests are shown on 
the slide, and have been correlated with the clinical results You see here six cases treated 
with two lots which were more toxic according to that test, and these gave us a little 


Degree of Toxicity According to Lot Numbers Used tn the Systemic .^dinuusfrfllioii o} 
Bacitracin Prepared by the Deep Tank Method 


Some Evi 
dence of 



FDA 

Number 


Kidney 

None or 

LD 50-20 Gm 

of 

Daily 

Damage 

Slight 

Lot Number 

Mouse 

Cases* 

Dosage 

Before Rx 

Transient! 

January ti June 

1948 





C S471212S 

287 ±18 

19 

40-260 000 

9 

2 

CS471217S 

255 ±20 

5 

88-260 000 

2 

0 

CS471231S 

240 ±21 

8 

40-280 000 

3 

1 

C S 4801 14S 

283 ±18 

IS 

40-196 000 

6 

5 

C S 480120S 

361 ±23 

14 

14-200 000 

4 

9 

C S 48021 OS 

262 ±17 7 

10 

16-160 000 

3 

2 

CS480212S 

224±15 2 

7 

50-188 000 

5 

0 

CS 48021 8S 

500 or less 

7 

40-200 000 

1 

5 

July 1948 to February IS, 1949 





C S 480420 

500 

37 

2-120 000 

IS 

20 

C S 480408 

500 

9 

40-80 000 

5 

6 

C S4 0512 

322 ±26 8 

4 

40-<'0 000 

0 

0 

C S 480520 

435 ±80 9 

2 

10-40 000 

0 

0 

C S 480616 

about 500 

10 

2-80 000 

5 

6 


Toxicity with Treatment 


Moderate Disturb- 
T mnsientl iueI 


10 

3 
1 
I 

4 


* A few cases were treated with more than one lot and are included with each lot used 
t Albumin one plus occasional granular cast a few white cells and epithelial cells niernipted 

t Albumin 2 3 plus a few to moderate granular casts white cells epithelial cells Treatmen 
I Albumin 4 plus moderate to many granular casts white cells epithelial cells and ew 
cells or nausea and \omiting or significant rise in retained nitrogen Considered advisab e os o 
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trouble However, with five lots meeting tins specification, tlie eiidences of seiere kidnei 
irritation were minimal 

It IS true that we have used somewhat smaller doses during this period also for fear 
of kidney irritation, but with the two lots of higher toMCit> with which we got into diffi- 
culties, we used the same doses as with the less toxic lots and as soon as we stopped the 
former and treated these same cases with the latter lots, the difficultj disappeared There- 
fore, with our experience with the last 75 cases we have developed an increasing confidence 
in the safety of this agent and if the manufacturers can meet this specification we believe 
that It can be more generally employed 

I do not wish anyone any hard luck, but I hope that I soon will have the opportunitv 
of using bacitracin m the treatment of clinical gas gangrene I shall use it m the next 
case I see, but I shall use it as an adjunct to surgerj and antitoxin and such other methods 
of treatment as are indicated by the case in hand 

Dr Wiitiam R Sandusky, Charlottesville, Va Dr Meleney has just pointed out 
that the degree of toxicity among different commercial lots of bacitracin vanes Observa- 
tions which we have made substantiate this point We have used bacitracin in guinea pigs 
other than m the study just reported In some it was administered m connection with 
experiments in which Closirtdxum itovyi was the contaminating organism and in others 
bacitracin alone was given for the purpose of comparing two different commercial lots 
of the drug Altogether bacitracin has been administered to 726 animals Among this 
number there were 99 deaths due to causes other than clostridial infection That drug 
toxicity IS a possible cause of these deaths has already been discussed The following table 
presents an analysis of these deaths m relation to varying dosages of two different com- 
mercial lots of the drug It demonstrates that for the larger dosages there is a significant 
difference in the mortality rates between the two different commercial lots of bacitracin 

In closing, I should like to thank Dr Lehman and Dr Meleney for their comments 
on this work 


Analysts of Dcaih<! ftotn Cause; Other Than ClostJidial Infection in Relation in 

Total Dosage of Bacitracin 


B^cltracln Units 
Per Gram 


Lot B 471231S 



Lot B 480420 


Animals 

Deaths 

Mortality 

Animals 

Deaths 

Mortahtj 

SO 

91 

57 

63% 

42 

14 

33% 

15 




42 

0 

0 

10 

8S 

13 

15% 

16 

0 

0 

5 

15 

1 

7% 

10 

0 

0 

4 




9 

0 

0 

S 




336 

8 

2% 

2 




22 

1 

5% 

1 




33 

3 

9% 

0 5 




25 

2 

8% 


191 

71 

37% 

535 

28 

0 5% 
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POSTOPERATIVE NITROGEN LOSS * 

A COMPABISON OF THE EFFECTS OF TRAUMA AND OF 
CALORIC READJUSTMENT 

Sidney C Werner, M D , David V Habif, M D , 

H T Randall, M D and John S Lockwood, M D 

FROM THE SURGICAI. METABOLISM UNIT,t THE PRESET TERIA\ HOSPITAL AND FROM THE 
DEPARTMENTS OF MEDICINE AND SURGERT COLUMBIA UNIVERSITY COLLEGE OF PHVSICIANS AND 
SURGEONS NEW YORK NEW YORK 

Operation or injury is generally accompanied by a senous deviation from 
the individual’s customary habits of nutrition and activity The effects of this 
change in routine must be considered before any conclusion can be drawn 
about physiologic alterations resulting from the actual trauma itself Avail- 
able information suggests that these factors have not been generally distin- 
guished Accordingly, when a surgical metabolism unit was established at the 
Presbyterian Hospital two years ago, one major objective was to provide 
information bearing on this problem of differentiating more clearlj’^ between 
the effects of operation and changes in routine This paper presents the nitro- 
gen balance data thus obtained under controlled conditions before and after 
surgery 

Negative nitrogen balance is considered to occur consistently after trauma 
to a previously healthy individual The so-called “toxic destruction of 
protein,” of earlier workers,^ ^ and the latter-day “catabolic” or “alarm” 
response attributed to activation of the adrenal cortex, are among the cur- 
rently accepted hypotheses to explain this nitrogen loss ^ ® “Anti-anabohsni”^® 
IS an alternative concept to “catabolism,” and postulates that exogenous, i c 
food, protein is completely wasted and excreted following injur}% thus pro- 
viding the excess nitrogen found in the urine A reappraisal of these theories 
seems advisable in view of the results of the present study 

REVIEW OF pertinent LITERATURE 

The demonstration that nitrogen is lost to the body in disease was estab- 
lished in the pioneer studies presented at the end of the last century and dur- 
ing the first two decades of this one The greatest volume of work was done 
on patients with typhoid fever, ^ but studies were conducted in erysipelas, 
tuberculosis,^^ and other diseases^®’ as well The inability of these earh 
workers to prevent the sharp loss of nitrogen which occurred during the 
several diseases studied led to the theory that protein is destroyed as a resu t 
of toxins released during an i nfection These toxins were considered zs 

* Supported by a grant-in-aid from the Research Grants Division, National Instil 
of Health, Bethesda, Maryland Read before the American Surgical Associa lo , 

St Louis, Mo , April 22 , 1949 j 

t Appreciation is expressed for the valuable assistance of the nursing, <e 
technical staff of the Surgical Metabolism Unit, including the Misses SchoreKe, ip 
Cragin, Pandelakis, T Martino, Richardson, Rosenblad and Mrs H Carter 
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probably injuring cells or specific enzyme systems having to do with protein 
synthesis and retention However, Shaffer and Coleman^ demonstrated that 
diets with average amounts of protein, but with approximately 75 to 80 
calories per Kg of body \n eight, i e about 4000 calories, stopped the loss of 
nitrogen They therefore concluded that no such phenomenon as toxic de- 
struction of protein existed Several years later, however, Coleman and 
DuBois^ measured over brief periods the energy exchange of typhoid fever 
patients placed m the Russell Sage Calorimeter From data so obtained they 
calculated the theoretical caloric requirement of these patients Despite 
feeding this amount, nitrogen loss persisted Accordingly, the workers 
readopted the “toxic destruction” concept to explain this persistent negative 
nitrogen balance It should be noted, however, that their subjects lost weight 
on what was presumed to be an adequate caloric intake 

Twenty years later, Cuthbertson^* observed that fractures were accom- 
panied by a loss of nitrogen to the body both m experimental animals and in 
man This loss was greater than that accountable for through local tissue 
destruction Cuthbertson was unable to overcome this reaction by increased 
feeding of protein, and described the phenomenon as a “catabolic response” 
to injury In later experiments on rats, however, he^° and Munroe and 
Cummings^'^ observed that increased provision of protein and calories pre- 
vented all systemic loss of nitrogen, that is, loss m excess of that accounted for 
by local resorption from the injured area 

The war restimulated interest in the phenomena associated with trauma 
The fact that increased provision of protein would not overcome the “cata- 
bolic response” to fracture was reaffirmed by Howard ® Negative nitrogen 
balance after surgical operations was noted by Brunschwig^® and others 
Meningitis^ was found to cause nitrogen loss In all these experiments the 
loss of nitrogen could not be overcome by increases in dietary intake 
Albright,®’ Browne®’ and others postulated tliat the adrenal cortex was 
stimulated by injury, the so-called “alarm reaction” or "adaptation syndrome” 
of Selye ® As a result of this adrenal activity, either “catabolism” was pro- 
duced with corresponding breakdown of tissue, or “antianabohsm” took place, 
with inability to utilize incoming nitrogen for protein synthesis and tissue 
regeneration These effects were felt to be mediated through the excessive 
secretion of a hypothetical “S” hormone of the adrenal gland ® Of interest 
was the fact that depleted subjects readily retained nitrogen upon forced 
feeding and showed no “alarm” response 

At about this time, contradictor} reports began to appear m the literature 
Several groups of workers found that the loss of nitrogen after operation 
or trauma could be pre\ented by increased dietary intake G) Tui and 
workers®® succeeded m this attempt with diets high in protein and calorics, the 
former provided as a casein hydrolysate Riegel and her associates®^ were able 
to define a minimal, although elevated, caloric and jirotem requirement at 
which nitiogen eqiiihbiiuin could be assured after se\eral types of operations 
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Werner^^ ^Iso observed nitrogen equilibrium or marked sparing of expected 
nitrogen losses when he provided parenteral high protein, as ammo acid 
solution, despite the concurrent administration of low calories He obsen-ed 
nitrogen equilibrium as well in two patients with fractures and tvo vith 
burns, excluding exudation and tissue destroyed, and given high caloric high 
protein regimens by mouth Hirschfeld-® overcame the expected urinary neg- 
ative nitrogen balance in a large senes of burn patients, although he questioned 
the wisdom of the extreme diets which were necessary 

The workers who were able to overcome the nitrogen loss after injurj 
in non~depleted subjects, of necessity have denied that an abnormal mechanism 
exists consequent to injury Peters*'* has written a critical review of the 
results obtained by this group, and concludes that proof is not yet at hand that 
incoming nitrogen can be utilized to prevent the losses consequent to injiin’ 
in a previously healthy individual 

Werner*® has pursued the subject from a different point of view He 
studied the effects of the independent variation of calories and protein in 
healthy subjects in order to compare the extent of nitrogen loss with those 
following injury He was able to demonstrate that such losses are readily 
sustained for several weeks and occur upon abrupt reduction in calories, or 
proteins, or both These losses were comparable in degree to that seen after 
many operations or after injury The present study is an extension of this 
work In the experiments to be reported, the patient is made to serve as his 
own control The same feeding program has been given after surgery as 
was provided before the procedure The results have been contrasted to 
establish the added effects of trauma over those produced by changes in 
nutrition 


METHODS 

All patients in this study were admitted to the Surgical Metabolism 
Unit of the Presbyterian Hospital, and customary methods for balance 
studies have been employed, as described elsewhere Special nurses and 
dietitians were provided A kitchen solely for the use of the unit was set 
aside Weighed diets from stocks of food were served, and the nitrogen 
content of the diet and of the uneaten returns determined by a modified 
Kjehldahl procedure after homogenization in a Logeman homogenizer Urine 
and stools were collected in 24 hour batches but were pooled in three or four 
day lots for determination of nitrogen content during periods of oral feeding 
The determinations were done daily during intravenous nutrition in the 
postoperative period Stools were pooled and determined once or twice during 
a dietary period through the study Standard methods for the various chenii 
cal determinations which were used have been outlined elsewhere 

All patients were in good health and nutrition, and previously actne 
They were admitted for interval cholecystectomy or ventral or inguinal lern 
repair done by the surgical resident staff, and were subjected to early am » 
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lation Feeding was maintained during the day of operation as ell as during 
standardized pre- and postoperative periods Four groups of patients were 
studied (Groups I, II, IIIA and IIIB) Protein administration was main- 
tained at a constant level throughout each experiment, but the level of calories 
was subject to change Reduced caloric intakes were provided in order to 
insure the same constant intake after operation as before The patients in 
Group I received a baseline diet by mouth of 30 to 40 calories (Kg body 
weight) with 12 5 or 14 4 Gm N per day for one week (Period I), then a 
reduced caloric intake of 18 to 24 calories per Kg with unchanged N intake 
by mouth for one week (Periods II and III), then operation (Period IV) 
with provision for the next four days of the same caloric and nitrogen intake 
but parenterally administered"^ (Period V) , finally a return for three days to 
the original baseline diet (Period VI) The patients in Group II were main- 
tained as in Group I except that the second weekl}’- period before operation 
was subdivided Calories were reduced as in Group I except that they were 
given orally for four days (Period II), then parenterally""" for the next three 
days just prior to operation (Period III) Similar parenteral administration 
was then continued after the procedure The reason for this preoperative 
period of parenteral feeding was to document the effect of a shift m route of 
administration and m quality of the protein source The patients m Group 
IIIA received a baseline diet for one week as m the first two groups, reduced 
calories parenterally as described m Group II for four days, baseline calories 
again for one week, then operation and four days on the same parenteral 
reduced calories as in the second period, and finally, a return to baseline 
nutrition The patients in Group IIIB were maintained on the baseline diet 
with full calories described above for the first week before operation and 
for ten days thereafter 


RESULTS 

A total of 26 patients were included in the study There were ten men 
and 16 women Ages ranged from 18 to 67 There were ii patients under- 
going cholecystectomy, six with ventral hernia repair, eight with inguinal 
hernia repair, (one bilateral), and one patient with a polyp removed from the 
colon by colotomy 

Gionp I — Basehnc, 1 educed calories by mouth, opeiation, and reduced 
calories pm enter ally There were five patients m this group, three men and 
two women The various feeding periods are outlined under the methods 
section This group was the first studied and hence irregularities appear in 
the maintenance of constant nutrition 111 every instance Three of the five 
patients m the group underwent hernia repair, one cholecystectomy, and one 
colotomy for a poljp of the colon The average nitrogen balance for the 

* Generous supplies were pro\ided of a 10 per cent aniino acid solution (VUJ-N) 
bj' Dr A Gibson of Merck & Co and of a hoplulized aniiiio acid iinternl, Ehminc, b\ 
the Intercbcmical Co, a duision of \nierican Cjananiide Corp 
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various periods of the study is shown in Table I On baseline intake ot 
calories and nitrogen, the average N balance is +1 7 Gm per 24 hours On 
reduction of calories with constant N intake by mouth, the average N balance 
IS ~o 5 Gm per 24 hours The balance for the day of operation and the next 
four days on the same calories and N but given parenterally, as m the period 
before the procedure, is —3 6 Gm per 24 hours, or a difterence of -3 i Gm 
N per 24 hours from the preceding period (Table II) The average balance 
for the last period is — i l Gm N per 24 hours 


Table I — Showing Average Daily N Balance tn the Various Periods Before and 
After Operation Patients Grouped According to Feeding Program 

Average N balance (Gm N/24 Hrs ) 

Patient No of 


Group 

Patients 

Period r 

Period If 

Period HI 

Periods IV S. V 

Period VI 

I 

5 

+1 7 

-0 5 

-0 S 

-3 C 

-1 1 

11 

12 

dbO 0 

-1 9 

-2 3 

-2 4 

-0 9 

III B 

6 

+1 2 

+0 5 

-0 3 

+0 7 

-0 1 

III A 

3 

+0 2 


-2 4 

-4 2 

-1 4 


Gtoup II — Baseline, i educed calottes by mouth, and unchanged hno 
calories patenferally There are 12 patients in this group, three men and 
nine women All the men and four of the women underwent ventral hernia 
repair while five women were subjected to gall bladder removal The details 
of the feeding program are summarized under the methods section The^ 
are the same as Group I except that the period before operation is subdivided 


Table II — Showing Average Daily N Balance in the Isocaloric Periods Belore and 
After Operation Patients Grouped According to Feeding Program 

Patient 

Group 

Average N balance (Gm N/24 Hrs ) 

N balance difference 

Period HI— Periods IV & V 


Period HI 

Periods IV & V 


I* 

-0 5 

-3 6 

-3 1 

II 

-2 3 

-2 4 

-0 1 

III B 

-0 3 

+0 7 

+1 0 

III A 

-2 4 

-4 2 

-1 8 

♦Group I inadequately maintained on nutritional schedule (see text) 


so that the parenteral feeding given preoperatively (Period III) was dupli- 
cated postoperatively (Periods IV and V) The data for the various perio s 
IS summarized in Table I It will be seen that the average daily N batoce 
on parenteral low caloric feeding immediately before operation is 23® 
N while that of the day of operation and of the next four days on 
intravenous feeding is ^2 4 Gm There is a difference of "O l Gm - P 
24 hours (Table II) 

Gioup III A— Baseline, i educed calottes paienterally, baseline, opera 
and reduced calottes pat entet ally There are three patients in this group 
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man and two women undergoing gall bladder excision The results are 
summarized for each period in Table I It is seen that the a\erage daily N 
balance resulting from change to parenteral nutrition before operation is 
—2 4 Gms while the same change m type of feeding after operation produces 
an average daily N balance of — 4 2 Gm There is a difference between the 
two periods of — i 8 Gm N per 24 hours (Table II) It should be noted 


Table III — Showing Average Daily N Balance in the Various Periods Before and 
After Operation in Patients Undergoing Cholecystectomy 


Patient 


Average N Balance (Gm 

N/24 Hrs ) 


Group 

Name 

Period I 

Period II 

Period III 

Periods IV &. V 

Period VI 

I 

Wi 

+0 9 

-0 4 

-0 4 

-4 4 

+1 2 

II 

At 

+1 s 

-1 2 

-2 3 

-2 4 

-4 2 

II 

Be 

+1 7 

-0 7 

-2 4 

-3 7 

-1 3 

II 

Ro 

+0 2 

-2 5 

-0 8 

-1 9 

-0 7 

II 

Su 

±0 0 

-I 4 

-4 0 

-2 4 

+1 6 

II 

JN 

+0 7 

-1 9 

-3 S 

-2 8 

-0 9 

III B 

St 

+2 9 

+2 4 

±0 0 

-0 3 

-1 7 

III B 

Ba 

+0 3 

+0 9 

-I 2 

-2 4 

-1 5 

III A 

Fe 

+0 8 


-2 7 

-2 7 

-0 3 

III A 

Qu 

+ 1 0 


-1 1 

-3 4 

-0 3 

III A* 

Ila 

-1 3 


-3 3 

-6 6 

-3 S 

tAx’cragc 


+0 8 

-0 9 

-2 1 

-2 9 

-1 0 

Range 


-1 3 to +2 9 

-2 5 to +2 4 

-3 S to ±0 

0 —6 6 to —0 3 

-4 2 to +1 C 


♦Male 

tAverage excludes cases m Group 1 unsatisfactorily treated (sec text) 


that one of the thiee patients had a high temperature following operation 
and another developed an undiagnosed complication postoperatively 

G> oup IIIB — Baseline caloiies thi oughouf Six patients were maintained 
on relatively high baseline caloiies and protein throughout the experiment 
(Table I) Two were operated on for gall bladder removal, one for ventral 
hernia repair, and thiee for inguinal hernia repair The average N balance 


Table IV — Shoiuing Average Daily N Balance in the Various Periods Before and 
After Operation Patients Grouped According to Type of Operative Procedure 


Axenge N Balance (Gm N/24 Hrs ) 


Tj pe of 
Operation 

No of 

P iticntb 

Period 

I 

Period 

II 

Period 

HI 

Periods 
IV S. V 

Period 

VI 

Gall B1 idder* 

10 

+0 8 

-0 9 

-2 1 

-2 9 

-1 0 

Vcntril Hernia 

f) 

-0 2 

-1 9 

-2 1 

-2 3 

-0 8 

Inguinal Hernia 

8 

+ I 2 

-0 4 

-0 7 

-1 0 

-0 4 

Partial Colectomj 

1 

-1 0 

+ 1 4 

+ 1 4 

-0 f. 

-0 8 


♦One case m Group 1 excluded because of unsatisfactorj maintenance of nutrition 


foi each period is summarized in Table I No significant change in nitrogen 
balance is seen following operation (Table II) 


nrrncT or operative procedure 

The cases in the above groups have been reclassified according to the 
t}pc of opeiativc procedure, without regard to nutritional schedule (Tables 
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III, IV, and V) A comparison of the isocaloric periods before and after 
operation reveals no significant difterence in nitrogen balance between the 
pre- and postoperative periods of each of the surgical procedures studied 
No significantly greater degree of negative balance is noted for one procedure 
over another (Table Y) A daily balance difference average of —i o Gm N 
IS seen for the gall bladder subjects between the pre- and postoperative periods, 
of -o 2 Gm N for the ventral hernia, and -03 Gm N for the inguinal 
hernia patients The results are even slightly better if the irregularly fed 


Table V — Showing Average Daily N Balance m the Isocaloric Periods Before and 
After Operation Patients Grouped According to the Type of Operative Procedure 

Type of 
Operation 

Average N Balance N Balance Difference 

(Gm N/24 Hrs ) Period III— Periods IV S. V 


Period III Periods IV & V 

Gall Bladder* 

Ventral Hernia 
Inguinal Hernia 

-21 -29 -08 

-2 1 -2 3 -0 2 

-0 7 -10 -0 3 


*One case m Group I excluded because of unsatisfactory maintenance of nutrition 


cases in Group I are excluded Two of the ten gall bladder patients fed 
without interruption showed negative nitrogen balance increases of more than 
I 5 Gm N per day after operation 


EFFECT OF MAINTENANCE OF CONSTANT NETRITION 

The cases in the original groups have been regrouped according to the 
success with which constant isocaloric nutrition was maintained through the 


Table VI — Showing Average Daily N Balance in the Isocaloric Periods Before and 
After Operation Patients Grouped According to Success in Maintenance of 

Nutritional Schedule 

Maintenance 

No of 

Average N Balance 

N Balance Difference 

of Therapy 

Patients 

(Gm N/24 Hrs ) 

Period III— Periods IV S- V 



Period in Period*: IV &. V 


Poor 

S 

-os -36 

-3 I 

Fair 

6 

-21 -28 

—0 7 

Complete 

IS 

-IS -13 

+0 2 

Fair and Complete 

21 

-17 -17 



experiment The results for the periods immediately before operation aw 
following are summarized in Table VI A significant increase in iiegatnc 
nitrogen balance following surgery is noted only in those patients in w ion 
sharp irregularities m nutrition occurred — the “poor” classification 
latter show a difference m average daily nitrogen balance between tne p 
and postoperative periods of 3 ^ ^ opposed to 07 ^ 

“fair” category and o 2 Gm N for the complete success group 10 ^ 
daily difference in N balance after operation from before is i; 00 Gm i 
the combined "fair and complete success” groups 

694 



^ olumo 1 in 
Number 4 


POSTOPERATIVE NITROGEN LOSS 


EFFECT OF CHANGE FROM BASELINE TO LOW CALORIC 
FEEDING PREOPERATIVELY 

Table VII shows the effect of a sudden change from relatively high levels 
of caloric intake, often insufficient to maintain body weight, to lower ones, 
7 e from 30 to 40 calories per Kg body eight to 18 calories per Kg body 
weight Protein intake was kept throughout The same sharp negative 
nitrogen balance following caloric reduction occurs as has been reported else- 
where 


Table VII — Showing Average Daily N Balance in the Periods of High and Low 
Caloric Feeding Prior to Operation 

Patient 

A% crage N Balance 

N Balance Difference 

Group 

(Gm N/24Hrs) 

Period I — Period 11 


Period I Period II 


I 

+17 -05 

-2 2 

II 

0 0 -19 

-1 9 

III A 

+09 -19 

-2 8 


Table VIII demonstrates the average daily nitrogen balance which results 
upon change to intravenous from oral administration of a low caloric constant 
protein intake No significant difference is found m the average for this 
group as a whole However, five of the 12 patients show an increase in negative 
nitrogen balance of more than i Gm N per 24 hours (—20, — i 9, — i 8, 
— 13 and —II Gm N per 24 hours), as a result of shifting to intiavenous 
administration 


Table VIII — Showing Average Daily N Balance in the Isocaloric Periods Before and 
During Intravenous Feeding Prior to Operation 

Patient 

Group 

No of 
Patients 

Average N Balance 
(Gm N/24 Ilrs ) 

N Balance Difference 

Period II — Period III 

II* 

10 

Period II Period III 

-19 -23 

-0 4 

III B* 

2 

+1 6 -0 6 

-2 2 


Aierage 

-13 -20 

-0 7 

♦Does not include patients fed orall> through Period III 



DISCUSSION AND CONCLUSION 

Published studies concerning the extent and causation of body nitrogen 
losses which follow injury have not differentiated between the loss due to the 
actual trauma and that due to the inevitable changes m type of nutrition 
which accompany injury Such a distinction appears necessary in order to 
evaluate the effect of trauma, and may help explain why divergent opinions 
exist about the consequences of injurj 

The present report concerns the results of a study in health} patients 
undergoing cholecystectomy and ventral and inguinal hernia repair It has 
been generally accepted that nitrogen loss follows these surgical procedures, 
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although there has been disagreement as to whether this loss can be oiercome 
by dietary means in the case of the gall bladder operation Howeicr 
the data obtained m the current study reveal that no loss of nitrogen is loimd 
following a surgical procedure beyond that obsenred on the same caloric 
intake before the operation This lack of response to the injurj of operation 
IS not explainable by previous depletion, since the patients Mere in good 
health, had lost no weight, and had had no recent infection The failure of 
excesses of nitrogen to appear in the urine is difticult to harmonize with the 
concepts that abnormal mechanisms are invoked by trauma, nameh , increased 
tissue destruction — “catabolism,” or arrested utilization of exogenous, ir 
administered, mtrogen “anti-anabolism ” 

Cholecystectomy, or hernia repair, may not be severe enough forms of 
injury to invoke these mechanisms, or may do so only occasional!} How- 
ever, nitrogen loss has hitherto been regularly described after these opera- 
tions^®’ when no increases in nutntion were provided If this nitrogen 
loss IS the result of inadequate nutrition, as appears to be the case, it becomes 
necessary to reexamine the reports concerning negative nitrogen balance 
following other operations and injuries in order to define the extent to which 
caloric deficits may haA^e contributed to the total 

Such caloric deficits may be exaggerated by the additional caloric require- 
ments resulting from fever Furthennore, the estimation, and hence pro- 
vision, of such needs is made difficult by inaccuracies m the measureineiil 
of heat production during constant fever and during periods of temperature 
change Much information is aA^ailable from the studies of patients w'lth 
typhoid fever ^ 

The losses of nitrogen which occur during this latter disease Avere avoided 
by Shaffer and Coleman^ by feeding high caloric regimens during the course 
of the disease These Avorkers denied the existence of abnormal mechanisms 
in the handling of nitrogen Coleman and DuBois- revwed the hypothesis of 
“toxic destruction” Avhen they found persistence of negatwe nitrogen balance 
after feeding a theoretically adequate amount of calories as determined from 
calorimeter measurements The AA'eight loss of their patients indicates that 
their estimate of caloric need may haA’e been faulty Calculations based upon 
the concept that the laAV of conserA^ation of energ}’ pertains to these subjects 
indicates that an additional looo calories, or about 4000 calories total, might 
have maintained Aveight, and this is about the amount AAdiich prcA ented nitro 
gen loss in the work of Shaffer and Coleman Apparent discrepancies from 
the laAv of conservation of energ}^ exisF' and it is possible that t}phoid fcAcr 
patients fall in a separate and intermediate category in terms of abnorina or 
“anti-anabolic” mechanisms produced by this disease as compared a\ ith open 
tion and other types of infection 

A true “anti-anabolism” appears to folloAV recover}’ from scarlet e\er 
and meningitis, according to Peters and his group ‘ Nitrogen is burnc an 
excreted to the same extent as fed, by these subjects, despite elexate tie 
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of protein and caloric administration This finding suggests the possibiht} 
that the presence or absence of infection maj’^ account for some of the 
discrepant results obtained by different workers attempting equilibrium 
following more severe injuries and operations than those reported in the 
present study Infection not infrequently accompanies more radical surgery 
or trauma and may be masked for some time, whereas it w^as not a compli- 
cation of the procedures reported here, except possibly in one instance 
Should infection be the variable which is responsible for the appearance of 
abnormal mechanisms m the handling of nitrogen in some cases and not 
m others, it is of importance to recognize this in reporting on the effect of 
trauma It is also necessary to take into account the effects of added caloric 
requirements resulting from such a complication Otherwise mis-impressions 
may be gained about the consequences of injury by itself Thus, the one 
male patient undergoing cholecystectomy had a moderate fever in the imme- 
diate postoperative period and a hidden covered infection which became 
manifest only later in the postoperative period He does not therefore repre- 
sent the nitrogen loss from uncomplicated operation 

Added support for the view opposing the existence of abnormal mechan- 
isms consequent to injury uncomplicated by infection, is found m recent 
animal experiments In the presence of a constant supply of adrenal 
cortical hormone given to adrenalectomized animals, loss of nitrogen occurs 
after injury exactly as m animals with intact adrenals No increase in 
adrenal secretion is possible m the former animals, yet an “alarm” response 
is found Thus activation of the adrenal cortex is ruled out as a mechanism 
to explain the negative nitrogen balance follownng injury, except as a func- 
tioning adrenal enables the body as a wdiole to react adequately 

In conclusion then, evidence is brought forw^ard that certain operations 
are not accompanied by nitrogen loss beyond that produced by the same 
nutritional regimen piovided before surgery Lack of excessive nitrogen 
excretion is difficult to harmonize wuth the concept that abnormal mechanisms 
for the handling of piotein have been invoked b) the operations concerned 
Interruption of nutrition, even if transient, produces nitrogen losses not 
compensated for b} coriespondmg increases a day or so later This is 
probably exjdained by the fact that nitrogen cannot be stored unless a definite 
minimum i equirement of caloi ics is also provided This minimum is greater 
than that generally fuinished after opeiation, and is not attained by the 
slight inci cases m caloiic intake mentioned immediateh above These losses 
should not be attributed to the effect of the trauma of operation The role of 
infection has not been studied, and ma} a\c11 invoke responses not found 
follownng the operations reported here 

SUMM \R'i 

I Tw^cnty-six hcalthv and non-depleled patients ha\e been studied with 
the purpose ol distinguishing the eflect of the usual changes in dietar\ intake, 
jiostojieiatu eh . from the elTects of the trauma of operation pa sc 
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2 Eleven patients in otherwise good health underwent cholea stcctnnn 
SIX ventral hernia repair, eight inguinal hernia repair, and one colotonn 

3 The effect of shift from relatively adequate calories to the lower 
caloric intake usually given after operation has been studied preoperatud\ 
This latter diet was then continued through the day of operation and be^OIKi 
Protein in the diet was kept constant No significant increase in nitrogen 
output resulted from the operative procedure 

4 The implications of these findings have been discussed The concept 
is proposed that simple caloric lack explains the postoperative nitrogen loss 
found following operation uncomplicated by infection 
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Discussion — Dr Champ Lyons Our group at Tulane has been similarly interested 
m the problem of negative nitrogen balance following operative trauma Unquestionably, 
restricted oral intake is responsible in considerable degree for the obserA'ed negativity 
of the balance It occurred to us that it would be helpful to know whether or not protein 
made available by mouth or vein would be retained or rejected during the postoperative 
period of negative balance Experiments were designed to study this simple problem with- 
out attempting to determine the ultimate utilization of retained nitrogenous substances 
within the body Two types of experiments have been done 

Glycine synthesized to contain N15 has been fed as dietary supplement to healthy 
adults and the percentage of N15 excreted in the urine has been followed The administra- 
tion of adrenocorticotropic hormone (ACTH) to these subjects at the time of feeding 
tagged glycine has produced an increased total excretion of N15 However, all of these 
subjects had previously had other studies with Nn and we cannot state that the ACTH 
effect was directed solely at the newly ingested Nis It may ultimately be shown that 
some of the excreted N15 was mobilized from previously fed and retained nitrogen 

The expense of N15 has discouraged its extensive use In order to continue these ob- 
servations on a wider scale, the urinar}'- clearance of intravenously injected ammo acids, 
as suggested by Eckhardt and Davidson (J Chn Investigation, 27 727, 1948), were 
adapted to our purpose Patients were placed on the metabolic division with nitrogen 
balance studies Pre-operative and postoperative amino nitrogen clearances were per- 
formed A series of normal subjects and surgical patients have been studied 
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A typical experiment may be summarized as follows 

Slide 1 Two control periods of one hour each preceded the injection of Merck’ 
VUJN mixture The percentage of amino-N excreted m the unne during these control 
periods was negligible The injection of ammo acids required approximately j }mr Si\ 
per cent (6%) of the total ammo N injected was excreted with the patient in R bdamc 
This IS a low figure, inasmuch as normal subjects may excrete up to lo per cent of llic 
total injected 

Slide S One day following radical mammectomy the patient was in iiegatne nitrom 
balance with reduced oral intake A lag m the rate of urinary excretion is noted, but the 
quantity of amino-N excreted amounts to only 7 5 per cent of the total injected 

Slide 3 On the third postoperative day the nitrogen balance was still shghth negitnc 
The rate of excretion was somewhat improved, but the total excreted was still 7 5 per cciil 
Slide 4 On the eighth postoperative day the patient was ambulatorv and eating i\c!l 
The nitrogen balance was positive The urinary excretion rate had returned to the pre 
operative pattern, and the total amino-N excreted was 8 per cent of that injected 

Conclusions Although it seems likely that ACTH increases the rate of excretion oi 
newly available protein substrates, we have been unable to demonstrate accelerated cxcrc 
tion of injected amino-N m postoperative patients in negative nitrogen balance 
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Dr Oliver Cope, Boston, Mass Dr Werner and Ins colleagues have rightly tried 
to differentiate the negative nitrogen balance due to starvation from that due to 
a possible theoretic, so-called alarm reaction of endocrine origin 

It is an enormous help to us to have internists like Dr Werner, schooled in metabolic 
observation, to guide us through these problems Dr Werner has demonstrated that in 
operations of the type mentioned, and under conditions under which the operations are 
earned out, starvation accounts for what negative nitrogen balance there is 

On the other hand, I would like to point out that these patients were for a long time 
conditioned to the hospital prior to the operation I was brought up by my older surgical 
teachers to realize that no patient was a better operative risk than an old patient with a 
gallbladder who had been m bed for a month prior to operation 

In contrast to Dr Werner’s results are the observations of Dr John Howard at 
Johns Hopkins, who sliowed that the nitrogen balance, or metabolic reaction of the patient 
to operation and trauma, varied according to the size of the trauma, and also to the 
health of the patient He showed that a patient with a traumatic compound fracture of the 
femur, who was well, healthy and vigorous before the accident, had an enormous so-called 
catabolic reaction, whereas in a patient who had been sick and was in a chronic debilitated 
state prior to the fracture, no such reaction occurred, and the patient had a nitrogen 
balance like that which Dr Werner has described 

This IS a knotty problem, hard to pick to pieces, and I am certain that it is by such 
careful studies as Dr Werner has presented to us that eventually we will know the origin 
of the reaction to operation and how to meet it 

Dr David V Habif Dr Lockwood asked me to say a few words in regard to the 
paper I should like to say first that the patients were selected only because they were 
healthy, without previous weight loss, and because they were willing to spend an extra 
two-week period pre-operatively on the surgical metabolism service to serve as their own 
control, as Dr Werner has already mentioned^ 

All patients were operated on by the resident staff, so that they were not selected m 
the sense of having a fine or rapid operation by skilled attending surgeons 

The caloric intake decided upon was the amount that could be met parenterally both 
pre- and postoperatively We have heard of the high concentrations of glucose given else- 
where without thromboses but these patients received only 7J4 per cent glucose with at 
times alarming thromboses of arm veins It would appear that the length of time the 
needle is in the vein is important, and the resulting thromboses are a limiting factor in 
this type of experiment 

Another complicating feature arose which was not appreciated beforehand in that 
in some patients there was a much greater loss of glucose in the urine postoperatively 
Since quantitative urine glucose determinations were done both pre- and postoperatively, 
and the amounts administered intravenously were the same, it was found that up to 1 12 
Gm of glucose were lost postoperatively Pre- and postoperative glucose tolerance tests 
have been found to be the same, so that at present we have no explanation, and the prob- 
lem IS under study 

We are all familiar with the fact that minor complications postoperatively do influence 
nitrogen balance, so that in such a study as has been presented it is important to judge 
the effect of operation alone and not operation plus perhaps an obscure minor complication 
Not only is it impossible with present-day facilities in many instances to give sufficient 
calories to prevent a negative nitrogen balance and weight loss following trauma or opera- 
tion, but it appears impossible to quantitate the requirement For example, working with 
Dr John Nickerson of our Department of Physiology, we have studied the cardiac outputs 
of some of these patients with the balhstocardiograph which he designed There appears 
to be a marked increase in cardiac output not suspected from clinical observation alone, 
and this work of the heart in itself would require a considerable number of calories As 
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well, the B M R done both before and after operation showed that there is more than 
the expected ten per cent rise per degree of fever in the immediate postoperatue period' 
This study was concerned chiefly with investigating the mechanisms in\ol\ed in nitro- 
gen loss following trauma, and if the conclusions are true, that the excess nitrogen Icrs 
IS due to insufficient calories, it should be possible, in the long-term case, bj protidmg 
such calories, to maintain positive nitrogen balance without weight loss This is the aim 
of current studies 

Dr Sidney C Werner, New York, N Y My lengthy preliminary remarks ha\e 
resulted in my being unable to make some of the statements which I might ha\e made to 
anticipate what Dr Cope has justly brought up 

The question of whether more severe trauma can be compared with the lesser degree 
of trauma which follows gallbladder removal, ventral hernia repair, and so on, is natiir 
ally a cogent one One would have to study each type of procedure in order to gam mfor 
mation which one would consider as proof However, I do not think it unreasonable to 
suspect that if the body reacts to trauma m a given way for one degree of mjurj, that the 
reaction will be the same with more severe traumata 

One big factor in all such work is the control over the added caloric requirements 
of resultant fever Hirschfeld, with large amounts of calories and protein, has been able 
to restore nitrogen equilibrium in burn patients, and in our own hands we were able to 
do the same Moreover, in a patient with a burn or a compound fracture, there is the 
added factor of infection, which must be accounted for Also, for the first few dajs, 
adequate feeding is not generally given, protein is drawn upon as a fuel, and so the bod) 
becomes adapted to a high rate of nitrogen turnover This creates a lag m adjustment to 
diets with less nitrogen and nitrogen losses may persist for a w’eek or so just on this 
account In experiments with normal people given a high level of nitrogen intake, tins 
outpouring of nitrogen will persist when the intake level is reduced to normal for some 
time after the change in diet All of these influences have to be evaluated before the presence 
or absence of abnormal mechanisms can be established 

Dr Lyons’ discussion was very much to the point, and reminds me of several animal 
experiments which I mentioned earlier, by Noble and by Ingle, which indicate, also, no 
abnormal mechanisms follow injury They found that following adrenalectomy m the 
experimental animal, the rat, if one gives adrenocortical extract m a constant amount 
before and after operation, one gets a typical alarm response and an outpouring of mtro 
gen, despite the fact that there is no possibility of the adrenal cortex suddenly secreting 
an excess of adrenocortical steroids It would appear, therefore, that the function of the 
adrenal is to permit the body to react adequately to its needs following trauma, ratier 
than that the adrenal is responsible for the nitrogen loss which follows trauma 

It should be stressed that this discussion of injury does not iiecessanl) apply to lie 
factor of infection which may be something else again 
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AND Richard W Yore, M D 

St Louis, Missouri 

FROM THE WASHINGTON UNIVERSITY SCHOOL OF MEDICINE, 

DEPARTMENT OF SURGERY , AND BARNES HOSPITAL 

Under normal conditions of oral intake it is sometimes but not always 
easy to assure an adequate nutritional intake for the surgical patient When 
the patient is unable to take anything by mouth and all intake must be 
parenteral, the responsibility of the surgeon increases, for while a definite 
measurable intake is more readily achieved, it is more difficult to know just 
how much of each element should be injected Indeed, it is important to 
know just how little may be injected, le, the minimum needs to maintain 
normal function Such knowledge is of practical value because it will avoid 
the inconvenience and expense of unnecessary, and the danger of excessive, 
injections In order to study the probable minimum requirements, a series of 
observations were made on surgical patients given daily 2000 cc of fluid 
containing glucose with and without added sodium chloride for four post- 
operative days The findings suggest that a smaller intake of both water and 
salt than is usually given seems to be adequate Moreover, specific data on 
potassium losses and glucose utilization were also obtained 

PREVIOUS WORK 

The basis upon which surgeons estimate the water, electrolyte and glucose 
needs for the parenteral maintenance of the postoperative patient is, to a 
considerable extent, theoretical and traditional In the early days of paren- 
teral therapy large volumes were given, as much as four and five liters pei 
day, not for the correction of deficits, but for maintenance of normal water 
balance This was perhaps part of the then general belief in the value of a 
large fluid intake as illustrated by the still frequent order “force fluids ” 
More significant than the large volumes injected was the fact that these 
fluids contained 9 Gm of salt per liter because this was the only way m 
which isotomcity was achieved Even when glucose was added later, the 
influence of tradition on the need for saline was not changed Thus the 
amount of salt injected was often as great as 27 or even 36 Gm per day, 
which IS three to four times the intake of a normal individual As might be 
expected, difficulties due to retention of fluid were produced though for a long 
time the casual connection was unrecognized These difficulties were serious, 

* Aided by a grant from the Commonwealth Fund Read before the American 
Surgical Association, St Louis, Mo , April 22, 1949 
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and sometimes led directly to a fatal outcome They arose because tlie 
human kidney could not excrete the large amount of salt, and therefore 
retained water with it to maintain the osmotic pressure of the bod^ fluids 
The clinical effects of this tremendous increase in body fluids were manifold 
— pulmonary edema, wound disruptions, peritonitis from failure of apposed 
peritoneal surfaces to heal, and circulatory impairment So common did 
this danger become that Coller and associates- sounded an emphatic warning 
in 1944 m a report entitled Postopeiative Salt Intolerance 

At the present time, most surgeons give the average adult postoperatne 
patient unable to take anything by mouth 3000 cc of water parenterallj for 
maintenance alone, more to correct abnormal losses Of this, one liter gener- 
ally contains isotonic salt, so that the sodium chloride intake is nine Gm a 
day, the amount an average normal individual is supposed to ingest m an 
average normal diet Actually this may be much smaller, as indicated bj 
analyses we have made on a number of patients on the usual hospital diets 
As to glucose, the practice varies, some using 5 per cent glucose vith or 
without ammo acids, others a combination of 5 and 10 per cent glucose nitli 
or without ammo acids The intake of glucose and amino acids with three 
liters thus varies from 100 to a maximum of 300 Gm of each 

Specific data on the minimum water, salt and glucose needs are rather 
limited Cooper, lob and Coller^ have earned out carefully controlled studies 
of the urinary response for a period of only 30 hours after infusions of 5 per 
cent glucose in normal men and in patients following operations of variing 
magnitude They observed a definite postoperative oliguria which was associ- 
ated with a minimal output of sodium and chloride Patients undergoing less 
severe operations, such as herniorrhaphy, as well as abdominoperineal resec- 
tion, both experienced periods of low water output which later changed to 
diuresis Sodium and chloride were excreted more rapidly during the periods 
of low water output, but were conserved during the diuresis stage The 
average sodium loss was less (47 3 meq ) after abdominoperineal resection 
than after herniorrhaphy ( 107 meq ) Berry, lob and Campbell,^ in the same 
patients measured the potassium output in the first 30 hour postoperatne 
period and found losses from 30 to 1 19 meq The younger patients excreted 
more potassium than older ones undergoing the same operation, and those 
who had the more severe operative procedure, e g , abdominoperineal resection 
excreted on an average 73 per cent more free potassium than the controls w m 
did not undergo any operation, or those subjected to herniorrhapn 
Howard^® studied chronically ill surgical patients given an intravenous mta ^ 
for SIX preoperative and six postoperative days He found that on a 
intake of sodium and chloride (about 12 Gm daily), despite considerab e 
"vidual variations, most patients showed retention of salt after 
He also found that on an intake of 50 meq a day, more potassiui 
lost immediately after than before operation The greatest loss occi 
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during the second postoperative day This agrees with the findings of 
Reifenstein^® who studied a patient after spinal fusion Reifenstein also 
found that urinaiy excretion of sugar or reducing substances was increased 
after operation The type of anesthesia and duration of operation are not 
mentioned 


PROCEDURE AND METHODS 

In order to study this problem of minimum water, salt and glucose needs, 
balances were measured m a series of patients We adopted first of all a 
volume intake of 2 liters, basing this on theoretical considerations In 
various groups glucose was given in two concentrations, 5 and lo per cent, 
m the latter concentration one series contained no salt intake, m another the 
intake consisted of 9 Gm a day 

In all, 40 surgical patients were studied They were unselected except 
for the criteria that they must have no clinical evidence of cardiovascular 
or kidney disease The operations performed varied, although most of them 
consisted of uncomplicated cholecystectomy Their preparation for opera- 
tion did not necessitate special regimens such as blood, chemotherapy, etc 
The preoperative medication was morphine and atrophine All anesthesia 
was induced with sodium pentothal followed by gas-oxygen-ether Nearly 
all cases were studied for an arbitrary experimental period of four consecu- 
tive days or 96 postoperative hours A few patients were also studied before 
operation During this time all intake was by intravenous injection Any 
patient with a source for abnormal postoperative fluid or electrolyte loss (1 e , 
vomiting, biliary or gastro-intestmal drainage exceeding 100 to 200 ml ) was 
eliminated Urine was collected during 24 hour periods and measured, an 
aliquot was obtained and preserved with toluol and refrigeration The elec- 
trolyte content of small amounts of emesis occurring during the first post- 
operative day was included in the first 24 hour specimen Heparinized sam- 
ples of blood were withdrawn before operation and at the end of the study 
Specific gravity and pH of the urine were determined by hydrometer and by 
glass electrode respectively The urines were analyzed for sodium and potas- 
sium by means of the Weichselbaum-Varney flame photometer for chlorides 
by the method of Harvey for total nitrogen by the macro-Kjeldahl method 
of Hiller, Plazin and Van Slyke,^^ for creatinine by the method of Fohn^ 
adapted for the spectrophotometer, for acetone by the Legal nitroprusside 
test, and for sugar by the method of Somogyi,^" for inorganic phosphates 
by the method of Fiske and Subbarow® The plasma was analyzed for 
sodium and potassium by means of the Weichselbaum-Varney flame photom- 
eter,^® for chlorides by the method of Van Slyke and Hiller, 1® for N P N 
by the method of Folm" adapted for the spectrophotometer, and for plasma" 
proteins by the method of Weichselbaum Hematocrit measurements were 
done on heparinized blood m a Wintrobe tube 
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Blood transfusions were given several patients following operations 
other than cholecystectomy The amount of blood was estimated to replace 
that lost during operation In calculating balances no allowance uas made 
for the electrolyte content of this blood except for the sodium citrate it con- 
tained None of the patients undergoing cholecystectomy required blood 
replacement and it is this group of patients which were studied in greatest 
detail These were divided into three groups 

One group of patients undergoing uncomplicated cholecystectomy recened 
daily infusions of 2 liters of 10 per cent glucose m water, a second group 

AVERAGE URINARY OUTPUT 
CREATININE AND SPECIFIC GRAVITY 


Gms aLileri/24 Mrs CASES) 



-I 123^ 

PRE AND POST-OPERATIVE 24 HOUR PERIODS 


Fig I — The graph represents the averages m 38 patients 
receiving an intake limited to 2 liters of intravenous glucose per 
day Statistical analysis reveals that the changes from day to 
day were significant Note the constancy of the specific gravity 
and the parallel fall in the creatinine content and urine volume 
m the first postoperative 24 hour period Note also that after 
the first day the urinary output averaged one liter per day, 
which would be considered adequate 


received 2 liters of 10 per cent glucose in water to each of which 4 /^ 
of sodium chloride had been added, and a third group received 2 liters of 5 
per cent glucose in water Each patient’s first infusion was started between 
8 and 9AM:, and his second between 4 and 5 p m The duration of tac 1 
infusion was approximately three hours There was no oral intake during t ic 
period of study All patients were observed during the fall, winter ant 
spring months 

FIITOINGS 

The findings are described under three headings water, electrol)te and 
glucose 
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Water — The findings dealing with water balance are limited to measure- 
ments of urinary volume, creatinine, and specific gravity Figure i shows 
the average daily pre- and postoperative values of 38 patients whose daily 
infusions consisted of 2 liters of 10 per cent glucose in water or 2 liters of 
10 per cent glucose in water containing a total of 9 Gm of NaCl The addi- 
tion of salt did not influence these findings One notes that the daily urinary 
output approaches a liter per day except during the first 24 hour post- 
operative period During this day the urinary output averages 750 ml in 
comparison to 930 ml for the day prior to operation, and 1000 ml for the 
second and third postoperative days These figures were subjected to careful 
statistical analysis and found to be significant in their day to day difference 

The oliguria noted during the first 24 hours after operation is accom- 
panied by a fall in creatinine output, but without any change in specific 
gravity Not every patient experienced this oliguria and the degree varied 
The ages, which ranged from 19 to 75, did not seem to be a factor The 
severity of the operation may be a factor but the number of various pro- 
cedures studied was insufficient to draw definite inferences Blood replace- 
ment at the time of operation in 12 cases did not seem to prevent oliguria 
during the first 24 postoperative hours The operative records of these 
patients were examined and none had significant hypotension during their 
operations In spite of the relatively normal urinary output, many of these 
patients experienced variable degrees of thirst which might indicate that the 
water intake was too low despite the adequate urinary output However, 
there was no certain indication that this thirst was any different than it is 
m patients who received 3 liters of water Controlled observations of this 
subjective symptom are difficult but perhaps deserve more study 

Electrolyte — First of all are the observations on patients receiving no salt 
at all These include 21 patients whose data are summarized in Table I The 
operations were of various kinds, but the intake in all patients was limited 
to two liters of 10 per cent glucose intravenously a day Scrutiny of these 
data reveals the fact that on no electrolyte intake and despite much individual 
variation, there is a conservation of salt as shown by a gradual decrease in 
the amount of sodium and chloride excreted on each consecutive day during 
the four day postoperative study period Patients who received blood 
replacement on the day of operation tended to lose on an average slightly 
more sodium and chloride than those not needing blood replacement In 
general, those receiving blood were the ones subjected to a more severe 
operation 

Age proved to be a factor m the individual variations in electrolyte 
conservation as shown by the data in the six cholecystectomized patients listed 
m Table I , three were young, aged 19, 27 and 28, and they excreted daily, 
over the 96 hour study period, an average of 7 meq of Na and 17 meq of 
chloride, in contrast to the older patients, aged 56, 59, and 64, who excreted 
twice as much, 1 e , 20 and 34 meq respectively Thus, with no electrolyte 
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intake, the younger patients seem able to conserve more Na and Cl than the 
older patients, when each is subjected to the same operation under similar 
conditions 

The pattern of electrolyte loss on no salt intake is shown graphically in 
Figure 2, which is based on the six cholecystectomized patients already 
mentioned Although theie were considerable individual variations, the 
average figures picture accui ately the trend in all, i e , the gradual fall in 
the amount of Na and Cl excreted, thus showing an efficient conserving 


AVERAGE URINARY LOSSES 
SIX CHOLECYSTECTOMIES 
DAILY INTAKE 2 LITERS t0% GLUCOSE IN HgO 


Meq 



Fig 2 — There was no salt intake m these patients Note the 
decreasing output of sodium and chloride ion due to a conserving 
mechanism Note, liowever, that the total average sodium loss 
during the g6 postoperative hours as sodium chloride was about 
4 Gm Note that the loss of potassium is more uniform and 
amounts, by the end of the 96 hour period, in terms of potassium 
chloride to 6 Gm 


mechanism for these ions in the absence of any intake On the other hand, 
potassium and phosphate tended to be excreted at a uniform rate during 
the fii St two 24 hour periods, and in some cases had a greater output during 
the second 24 hour period than during the first The 96 hour cumulative 
loss was fairly small (Na 68 meq , K 81 meq , Cl 103 meq , HPO^ 62 i meq , 
N 169 Gm ) and represents about 4 Gm calculated as NaCl and 6 Gm cal- 
culated as KCl It IS not surprising, therefore, that this loss was accompanied 
by no significant changes in the blood levels of these electrolytes nor b}^ any 
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alteration in the CO2 combining power, serum protein or hematnrnf 
(Table IV) 'lematocnt 

In order to compare the salt loss heiore with that after operation one 
patient (Fig 3) was given glucose in water during two preoperative periods 
The same decrease in output of Na and Cl was again seen The operation 
pe} se did not seem to affect this pattern of salt conservation in that the pro- 
gressive fall in excretion of Na and Cl continued On the other hand 
potassium and phosphate behaved differently, 1 e , more was excreted post- 
operatively, especially in the second postoperative 24 hour period 


DAILY URINARY LOSSES 
0 H 33 ? CHOLECYSTECTOMY 
DAILY INTAKE 2 LITERS 10% GLUCOSE IN HaO 



Fig 3 — Pre- and postoperative urinary losses in electrobte This 
patient was gi\en no salt before or after operation Note that the pattern 
of conservation of sodium and chloride ion is not influenced by the operation 
On the other hand, note the consistent and even increased loss of potassium 
and phosphate as influenced by operation 


In the next group of patients, the same regimen was carried out except 
for the addition of 9 Gm of sodium chloride a day Table II summaries 
the urinary losses of ii patients receiving daily intravenous infusions of 2 
liters of 10 per cent glucose, each liter containing 4 5 Gm of sodium chloride 
The individual variations are great, but the findings show a pattern of 
retention of sodium and chloride similar m each patient This is shown 
especially by the graphic representation (Fig 4) in the five patients who 
underwent an uncomplicated cholecystectomy For the first 24 hour post- 
operative period y6 per cent of the sodium injected and 70 per cent of the 
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chloride was retained Of the total 9 Gm of sodium infused during the 
first 24 hour period, this represents a retention of nearly 7 Gin of NaCI 
Retention of both Na and Cl continue during the second 24 hour period and 
during the third 24 hour period the excretion of sodium and chloride 
approaches the intake The cumulative retention of Na and Cl for the 96 
hour study period averages 39 per cent for Na and 37 per cent for Cl This 
IS equivalent to a retention of about 14 Gm of the 36 Gm of sodium chloride 
infused over the 96 hour period The cumulative loss of K averaged 1107 
meq and of HPO4 98 5 meq 
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POST-OPERATIVE 24 HOUR PERIODS 


Fig 4 — These patients received 9 Gm of salt each 
day, equally divided between the 2 liters of 10 per cent 
glucose Note the retention of sodium and chloride ion 
most marked on the first day and then decreasing Cal- 
culation of the averages in this group showed that about 
40 per cent of the injected sodium chloride was retained 
by the body Note on the other hand the consistent losses 
of potassium and phosphate, which indeed were greater 
on the second than the first day 


In order to show the influence of preoperative intake, the data on one 
patient, a 42-year-old female who underwent an uncomplicated cholecystcc 
tomy IS shown in Figure 5 She was given 2 liters of 10 per cent glucose 
and 9 Gm of sodium chloride both before and after operation This patien 
was ill prior to her admission to tlie hospital and had not been eating 
normally, but had not vomited Note the retention of both Na and 
operatively This is similar, though even more marked in degree t 
postoperative retention of sodium chloride of the patients in Figure 4 
operation, however, there was a retention of only 24 per cent of the i a a 
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4 per cent of the Cl infused during the first 24 hour period, Mhich is mudi 
lower than average The output of NaCl approached the intake durm.^ (k 
third day The cumulative retention at the end of seven dajs of s'tudt^ 
during which the same intake was given each day entirely by vein, nas 12- 
meq of Na and 159 meq of Cl This is equivalent to a retention of roiighK 
12 per cent of the sodium and 15 per cent of the chloride, or in graiih a 
retention of only 7 to 9 Cm of the 63 Gm of NaCl infused during ih 
period, much less than the average as previously noted 



Fig 5 — This patient received the same amount (9 Gm ) of NaCl both 
before and after operation Note that there was an even greater degree of 
retention of sodium chloride before operation as compared with the findings 
in Figure 4, presumably due to the fact that the patient took verj little but 
water before this preoperative period of observation Note also that the 
degree of retention after operation was less pronounced than in the case: 
shown in Figure 4, thus illustrating the influence of previous salt intake 


The effect of a reduction m intake of glucose on electrolyte behavior i' 
shown in Table III This summarizes the electrolyte and nitrogen losses of 
eight patients receiving by daily intravenous injection 100 Gm of glucose, 
1 e , 2 liters of 5 per cent glucose in water The g 6 hour cumulative losses 
are fairly small (Na 88 meq , K 108 meq , Cl 144 meq , HPO^ 63 meq, am 
N 22 4 Gm ) , but somewhat greater on an ar^erage than those patients rcceii 
mg 200 Gm of glucose Moreover, these losses were similarly acconipaiiici 
by no significant changes in the blood levels of these electrolytes nor bj an} 
significant alteration in the CO2 combining power, serum proteins or heiiialo 
crit (Table IV) 

Glucose — The findings in regard to glucose concern the observe! 1 
ences between an intake of 100 Gm and one of 200 Gm First of a arc 
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nitrogen losses These weie surprisingly low in both gioups (Tables I II 
and III ) On an average, but 20 to 25 Gm of nitrogen i\ere lost dunir^ the 
entire four day postoperative period or about 4 to 5 Gm a da} Onluwo 
specimens contain more than 20 Gm , one on the third day following a ^astric 
resection, the other on the third day following hysterectomy Only i7*’speci 
mens of the nearly 160 examined contained lo Gm or more of nitro^ui 
Moreover, comparison of the nitrogen loss in patients receiving 100 \uih 
those receiving 200 Gm of glucose reveal little difference, 1 e , 26 as compared 
with 23 Gm for the average total 96 hours Scrutiny of the individual ca'se^ 
also reveals no significant difference 

In all three groups, glycosuria and acetonuria were observed (Sec 
Table V) Of eight patients receiving daily intiavenous infusions of 2 litcrv 


Table V — Glycosuiw and Acetonuua FoUoivmg Opciatioit 
Daily Intake 2000 cc pci 24 Homs 


I 

5% Glucose 
(100 Gm ) 
m Water 


II III 

10% Glucose 10% Gluco-c 
(200 Gm ) (200 Gm ) in 

m Water Isotonic Snlint 


Number patients studied 8 

Patients showing glucosuria 6 

Average amount glucose spilled (Gms ) 12 9 

Range m amount glucose spilled (Gms ) 2 2 — 24 3 

Av rate of infused glucose in Gms /hg body w t /hr 23 

Patients showing acetonuria 6 

Number 24 hour urine collections examined 31 

24 hour urine collections containing acetone (%) 52 

24 hour urine collections containing glucose (%) 42 

Av cumulative 96 hour urinary Na loss (meq ) 72 

Av cumulative 96 hour urinary K loss (meq ) 118 

Av cumulative 96 hour urinary Cl loss (meq ) 132 

Av cumulative 96 hour urinary P loss (meq ) 1 82 

Av cumulative 96 hour urinary N loss (Gms ) 26 


10 

10 

18 4 

1 S— 88 0 
48 

2 

37 

5 

86 
87 
103 
126 
1 27 
29 


11 

II 

34 1 

6 1-82 8 
52 

6 

39 

21 

92 

(197)* 

US 

(I77)‘ 

1 2S 
23 


*This figure represents positive balance i e retention of the injected sodium chloride m this group 


of 5 pel cent glucose and water for four postoperative 24 hour periods, si^ 
had glycosuria at some time during this period and 42 per cent of the 24 
urine specimens contained glucose The average amount was 13 
range in degree of glycosuria varied from as little as 2 2 Gin of sugar 
24 3 Gm It should be emphasized, however, that the average rate of ui usion 
was o 23 Gm per Kg of body weight per hour As to acetonuria, siv 0 
these eight patients showed a positive test at some time during 
operative period and 52 per cent of the 24 hour urine specimens con < 
from traces to 4 plus acetone Five of the six patients having ace 
also showed glycosuria during the same 24 hour period on one 
occasions during the four days of study 

Of the patients receiving daily infusions of 2 liters of 10 per ecu 
and water, 10 with and ii without added electrolyte, all had gyeosu 
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86 and 92 per cent of the 24 hour urine specimens contained glucose respec- 
tively The average amount spilled was 18 and 34 Gm respectively, and the 
range varied fiom i 5 to 88 Gm of glucose It should be emphasized that the 
aveiage rate of infusion was 048 and 054 Gm per Kg of body weight per 
hour, or twice that of those receiving 5 per cent glucose Only eight of the 
21 patients had acetonuria varying from traces to 2 plus, all eight patients 
at one time 01 another had acetonuria and glycosuria during the same 24 hour 
period Only minor differences were discernible between those receiving 10 
per cent glucose in water and those receiving 10 per cent glucose m saline 

DISCUSSION 

The objective regarding minimum needs suggested in the title of this 
report has only been partly met by the evidence herein presented Neverthe- 
less, a few inferences may be drawn as to how little the postoperative patient 
may be given to maintain normal function It should be mentioned at the 
outset however that such inferences are based upon the assumption that 
balance studies are valid as a guide to estimating such needs This assump- 
tion has the sanction of general acceptance Moreover, it is logical to believe 
that in the absence of deficits, intake of each element should balance the 
output just as energy intake equalizes energy expenditure One of the possi- 
ble pitfalls IS the statement “m the absence of deficits,” the truth of which 
may be difficult to establish in each individual patient Another pitfall is 
the possibility that even in the absence of deficits some elements may be 
retained with physiological improvement, or that, vice versa, a “negative 
balance” may be beneficial because the body wishes to rid itself of an excess 
of a normal biochemical constituent In spite of these and perhaps other 
objections, inferences will be based upon the validity of the idea that a 
balance of intake and output indicates an optimum physiological state 

The data on water balance seem to indicate that in the normally hydrated 
adult 2 liters is an adequate fluid intake in the absence of pathological 
losses This is shown by the fact that this intake was accompanied by an 
adequate urinary output Body weights, it is true, were not determined, 
and this would have given accurate confirmation as to the amount of insen- 
sible water losses However, the average difference between intake and 
urinary output was about one liter, which is roughly that of the insensible 
loss Thus It is likely that the fall m body weight would have been approxi- 
mately one Kg per day plus whatever loss was due to an inadequate caloric 
or nitrogen intake Thirst might be considered as a guide to the measure of 
water needs As already mentioned, however, so many postoperative and 
post-traumatic patients experience thirst, even on a larger water intake, that 
Its significance remains unestablished The fact that blood studies showed no 
change in electrolyte concentration or hematocrit would seem to indicate 
that dehydration did not occur on this intake Thus it would seem justified 
to infer that 2 liters are all that are necessary to maintain water balance in 
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the postoperative patient This agrees rather well with data obtained on 
normal humans subjected to starvation 

The oliguria observed on the first postoperative day was not unexpected 
since it IS a common clinical observation that patients seldom excrete as inudi 
urine during this period as they do later Of greater interest was the fall 
in the creatinine output with no change in specific gravity Since creatinine 
IS cleared by the kidneys so readily, and concentrating function is perfonned 
bj”^ the tubules, it would seem that the oliguria was due to a decrease in the 
eftective renal plasma flow and filtration fraction Further obsenations, 
however, are necessary to be sure that this was the correct explanation 
The electrolyte needs may be partially estimated from the findings herein 
recorded It is true that the loss during an intake of water and glucose alone 
was not very great, and was accompanied by no fall in the electrolyte com 
position of the blood However, even small losses are probably not without 
some significance It would be a simple matter indeed to provide this intake 
by the addition of a few grams of sodium and potassium salts On the 
other hand, the addition of 9 Gm of sodium chloride seems too great inas- 
much as there was a retention averaging about 40 per cent of that injected 
The degree of retention is certainly greatly influenced by'^ the previous intake, 
1 e , the lower the intake before operation the greater the degree of reten- 
tion This IS due to a fairly well known lag in the ability of the human 
kidney to excrete salt above the previous level of intake This is true under 
normal conditions of oral intake as shown by White and Findley,®" and is 
especially true after operation as shown by Stewart and Rourke^® and others 
Whether operative or accidental trauma and anesthesia increase this lag 
cannot be inferred from the present data Further studies with careful com- 
parison of pre- and postoperative retention is needed In any case, it would 
seem, on the basis of the present observations with a daily intake of 9 Gm 
of NaCl, that 4 Gm wmuld probably not lead to retention On the basis of 
the much smaller sodium chloride losses on no intake, a balance may be 
struck, indicating that an average of between 2 and 4 Gm of sodium chloride 
a day would probably produce balance in the average patient The need for 
adding potassium rests on the assumption that losses in this element should 
be replaced On such a basis about one to 2 Gm of potassium salt should 
be added to the daily intake If both salts were added as the chloride, a 
much larger amount of chloride would be present than seems to be needed 
on the basis of the present findings Cations can readily be added without 
anions in the form of sodium or potassium lactate or gluconate This does 
not take into account other electrolytes such as magnesium and perhaps the 
anions sulfate and phosphate Further observations xvill be needed before 
their requirements can be definitely established 

It must be admitted, of course, that for short periods of time it is 
unlikely" that serious physiological impairment will follow small deficits m 
these electrolytes, such as might follow their deprivation Thus it might 
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arg^ied that simple fluids without salt might be adopted as routine The 
difficulty with this point of view is that one never knows when the paren- 
teral route may be required for longer than a few days Furthermore, exact 
replacement, while not always essential, is a better basis for therapy than 
conclusions drawn from the results of experience alone Further observations 
are being made in order to determine more accurately A\hat pattern of elec- 
trolyte intake will lead to balance under normal conditions 

Findings in regard to glucose needs may be discussed m two parts First 
IS its sparing effect on tissue protein breakdown As will be noted, the tissue 
protein loss as measured by the nitrogen excretion in the urine was sur- 
prisingly low in all of the cases studied, indicating that in these instances 
at least there \vas very little catabolic reaction, a finding wffiich is contrary 
to many ive have previously made and which have been made by others *’ 
It is, therefore, not surprising that there was ver}'^ little difference in the 
nitrogen loss when the glucose intake w'as 200 Gm as compared wuth 100 Gm 
This would seem to confirm the finding of Gamble’® that in normal human 
beings an intake of 100 Gm of glucose a day produces the maximum sparing 
effect on tissue protein breakdow n, and that an increase to 200 Gm does not 
decrease the tissue protein loss It should be mentioned, however, that in the 
present observations a variable amount of glucose w'as lost in the mine, and 
that this loss w'as greater in those receiving 200 Gm Thus the effective 
amount of glucose available for metabolic needs w'as much less than 200 Gm 
and indeed in one case, w^as only about a little o\er loo Gm It seems 
unlikely, how^ever, that even w ith full utilization of the entire 200 Gm further 
reduction in the low nitrogen loss could be effected 

The second finding concerns the degree of glycosuria and acetonuna 
obsen’^ed Glycosuria and acetonuna w'^cre noted in a large peiccntage of the 
cases studied Since the rate of injection even wuth the 10 per cent solution 
w'as fairly low, 1 e , o 52 Gm per Kg per hour, the appearance of glycosuria 
must be taken as an indication that the postoperative patient operated under 
gas-oxygen-ether anesthesia under the present circumstances cannot utilize 
glucose as well as the normal “ Even wdien the rate w'as half this, 1 e , o 25 
Gm per Kg per hour, as w^as the case wnth the 5 per cent solution, sugar 
was still spilled in the urine It is probable that this glycosuria might have 
been avoided if the injection had been started at a slower rate in accordance 
n ith the Staub effect, as reported by Pareira and Somogju 

Acetone m the urine occurred more frequently wdien 5 per cent glucose 
w'as given than when 10 per cent glucose was injected Pareira and SomogyP® 
observed ketonuria in a postoperative patient during the injection of 5 per 
cent glucose, which disappeared wuth a change to 10 per cent glucose We 
have no data as to the exact significance of this finding inasmuch as 24 hour 
urine specimens only were measured The appearance of a small amount of 
acetone during even one or two hours of the total 24 hour period, while of 
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little significance, would give a positive result Nevertheless, it must le 
admitted that even a small amount of acetone in the urine under these cond; 
tions means that at some interval of time dining the 24 hours the luer wa- 
probably free of glycogen, or that ketone bodies were being produced more 
rapidly than they could be utilized 

From the findings herein presented and from other consideration';, n 
would seem safe to conclude that a full caloric quota by the injection m 
4 liters of 10 per cent glucose is not ordinarily necessary nor indeed desirable 
First It would probably not spare any more tissue protein, and m fact inereli 
would spare the breakdown of tissue fat Moreover, it is unhkeh that, 
without special control of the rate of injection, all of this amount could k 
utilized by the body after operation, but that much of it would appear m llie 
urine Finally, the mechanical problem of administering this much glucose 
would seem too great to be justified Nevertheless, the appearance ot 
acetonuria on the lower intakes deserves careful scrutiny The claim ol 
Pareira and SomogyF® that up to 350 Gm spaced over the entire 24 hour 
period is needed to avoid ketosis suggests the need for further study of this 
question 

Glucose utilization is, of course, influenced by many factors, and it is 
probable that the use of gas-oxygen-ether anesthesia plays an important role 
For example, it is likely that the same operative procedures carried out under 
spinal anesthesia might provoke much less glycosuria and acetonuria The 
mechanism of these disturbances in carbohydrate metabolism as herein 
observed deserves further investigation 

The significance of the potassium losses may be discussed in terms ol 
protein losses This is usually done by establishing a K/N ratio based upon 
computing the potassium loss in milhmols and the nitrogen loss in grams 
This has been calculated m 26 of the patients observed in this study Onl) 
SIX of them showed a value below three, and m most of them the figure v as 
between four and six A ratio of three or less is considered by most authori- 
ties to represent the normal relationship of intracellular potassium to protein 
Our findings, therefore, suggest that the destruction of the patients proto- 
plasm was not the sole source of the potassium loss, and that much of it 
originated in another way, perhaps by loss of cell potassium without loss 
of protoplasm 


SUMMARY 

I Balance studies were carried out in 40 surgical patients on a com 
pletely intravenous intake for 96 postoperative hours, and in a fen case 
during several preoperative days Study of the urinarj’’ output me iK c 
\olume, specific gravity, creatinine, sodium, potassium, chloride, phospliatc 
nitrogen, glucose and acetone Blood levels of sodium and potassniin c 1 
ride, COo plasma protein and red cell volume ivere also measured le 0 
and after each study 
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2 With an intake limited to 2 liters a day there was an adequate urinary 
output during the four postoperative days of about one liter except for a 
moderate oliguria during the first postoperative day The oliguria was 
accompanied by a decreased creatinine excretion with no change in specific 
gravity 

3 With no electrol}te intake, the body rapidly conserves sodium and 
chloride, but not potassium and phosphate The cumulative loss during 
four postoperative days averaged about 4 Gm calculated as sodium chloride 
and 6 Gm calculated as potassium chloride No changes m plasma levels of 
sodium, potassium, CO2, proteins or m red cell volume were observed on 
this intake 

4 With an intake of 9 Gm of sodium chloride a day, there was a 
definite lag in excretion so that of the 36 Gm injected, an average of about 
14 Gm was retained The loss of potassium, however, was the same 

5 It IS estimated from these findings that an intake of 2 liters of water 
plus 2 to 4 Gm of a mixture of sodium and potassium chloride (or gluconate) 
would meet the minimum requirements for these elements in the postopera- 
tive patient 

6 Calculation of the potassium-nitrogen excretion latio suggests that only 
part of the potassium loss originated from the breakdown of tissue protoplasm 

7 The nitrogen sparing effect of 200 Gm of glucose was not signifi- 
cantly greater than 100 Gm of glucose On the other hand, because of an 
undoubted disturbance m carbohydrate metabolism, acetonuria was more 
frequent under the latter than under the former intake Glycosuria conversely 
was greater with a 200 Gm intake as compared with a 100 Gm intake In 
order to determine the minimum requirements for glucose, further observa- 
tions will be necessary, particularly with regard to the influence of the rate 
of injection 
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Discussion — Dr Robert Elman, St Louis, Mo In spite of the published warnings 
of Dr Coller and many others, it has been my observation that too much intravenous fluid 
IS still being given in many hospitals I would include in this plasma and whole blood 
transfusions 

Not only are many of these injections costly and inconvenient, but are too often 
actually or potentially dangerous Whenever we use this method of therapy, we therefore 
have the responsibility of knowing exactly the specific amounts of each element needed 
for maintaining normal physiological activity 

It was largely for this reason that we are making this preliminary report of the 
minimum parenteral requirements m patients who for one reason or another take nothing 
by mouth I might say that the 96-hour period of observation we used was purely evperi 
mental I don’t want to leave the impression that all of our gallbladder patients required 
parenteral injections during such a long period 

Our objective could be expressed by a very simple dictum, that is, the use of better 
but less parenteral fluids 

On the basis of the present findings we believe that -2 liters of water and perhaps 
even a little less in the normal hydrated adult will meet these minimum requirements for 
water under conditions of the present study 

As to salt intake, we have confirmed the observations of Dr Lester White, our 
professor of physiology, and others, that the normal human kidney lags in its excretion 
for several days whenever presented with salt above the previous level of intake Since 
surgical patients often are on simple liquids before operation — and I am excluding those 
with salt losses due to vomiting, and so on — it is clear that their kidneys may not be able 
to excrete much salt, so that more will be retained than those on a normal intake up to 
9 Gm a day 

This behavior of the human kidney is quite unlike that of the dog, which excretes 
added loads of salt rapidly This difference is one reason among others for the pitfa s 
which may come from translating data on animals to human beings 

Finally, I would like to point out that our findings on the disturbed utilization 0 
sugar after operation, while perhaps not surprising, may be decisively influenced by tie 
addition of ammo acids, a factor which we are now studying separately This is 35e 
upon a few observations made already, which indicate that the addition of ammo aci s 0 
intravenous glucose in normal humans, at least, seems to increase the utilization of g ucose 
by the tissues 
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THE METABOLIC FATE OF THE INFUSED ERYTHROCYTE* 

Stanley M Levenson, M D , F Ross Birichill, M D , 

Mary A Maloney, A B , and John A Bell, B S 

Chicago, Illinois 

FROM THE U S ARM\ MEDICAL NUTRITION LABORATORT AND THE DEPARTMENT OE SURGERT, 
UNIVERSITT OF ILLINOIS COLLEGE OE MEDICINE 


INTRODUCTION 

In recent years, there has been considerable interest in the nutritional 
problems of suigical patients In particular, nitrogen metabolism has been 
extensively studied,^ and it has become mcieasmgly apparent that most seriously 
ill patients require amounts of mtiogen fai above the needs of noimal individ- 
uals Most of these same patients receive many blood transfusions, and the 
question arises “To what extent do these transfusions contribute to the 
patients’ nutritional requirements^” In particulai, should the infused led cell 
nitrogen which quantitatively is two to three times greatei than the associated 
plasma nitrogen, be included as intake in day to day balance studies ^ 

At present no consistent policy has been adopted in this regard, some 
investigators^’® including the red cell nitrogen as intake, others not Where 
such nitrogen has been included in calculations of daily balance, appaient 
positive nitrogen balance has been readily attained, and the catabolic phase 
following injury has apparently been reversed Other workers, in studies of 
similar patients, in which, however, the red cell nitrogen was not counted as a 
source of available nitrogen iii the calculation of daily balances, were unable 
to reverse the negative nitrogen balance following injury Clearly, such con- 
flicting descriptions of results from similar studies indicate a clouded notion of 
the exact role played in the body metabolism by the infused erythrocyte 
Actually, there has been relatively little quantitative data available on which to 
base a considered opinion To claiify this situation, the piesent study was 
undertaken 


METHODS 

Two adult, male medical students, healthy and ambulant, were boarded on 
the metabolic ward at the University of Illinois Research and Educational 
Hospital They were each maintained throughout the period of nitrogen 
balance study on a five-day rotating dietary schedule The diets were composed 
of natural foodstuffs and amounted to o 75 Cm protein and 45 calories pei 
Kg body weight daily Fluid intake was not restricted Activities, although 
not restricted to any absolute schedule, were relatively constant from day to 

* Read before the American Surgical Association, St Louis, Mo, April 22, 19^ 
The opinions expressed in this paper do not necessarily represent the official views of an 7 
governmental agency 
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day Body weights were recorded daily Following a control period of about 
one month, fresh, separated red cells (drawn from male donors on the da\ of 
infusion),! resuspended m isotonic saline just before administration, were 
injected into each of the two subjects for two and three days, respectneh The 
subjects were group O, Rh-, MN Group O, Rh- red cells i\ere infused and 
one transfusion in each series was made up of N cells It was, therefore, pos 
sible to differentiate between the recipient and representative donor cells, and 
to quantitate, by the Ashby technic as modified by Ebert and Emerson,' the 
percentage of each cell type circulating 

Plasma volumes were measured by the T-1824 dye technic® Total blood 
volumes and corrected circulating red cell masses were calculated from the 
observed dye plasma volumes and the venous hematocrits, applj ing the 0 8i 
correction suggested by Gibson et al 

Red and white blood cell counts, hemoglobins, hematocrits, and reticulo- 
cytes were determined by routine methods ® 

Nitrogen content of the food was calculated from standard tables,® corrobo- 
rated by spot, full-day analyses of each diet used Total nitrogen of food, 
infused cells, serum, urine and feces was determined by Ma and Zuazaga’s’® 
modification of the micro-Kjeldahl method of Keys Urine vas collected in 
two day periods , feces over five days (marked with carmine) 

Serum NPN was 'measured by the method of Koch and McMeekin as 
modified by Daly Howe’s m'ethod^^ was used for the estimations of albumin 
and globulin Fecal urobilinogen was measured by the method of Terwen as 
modified by Watson The following- liver function tests were performed 
bromsulfalein,^^ thymol turbidity and flocculation,^® serum bilirubin, direct 
and total 

After the nitrogen balance studies were completed, the subjects were on 
diets of their own choice Determinations of plasma volume, red cell masses, 
and routine hematology were carried out at various intervals until complete 
disappearance of the infused cells ' 


RESULTS 

A Body W eight, Nitiogen Balance and Cii dilating Plasma Pioteiu The data 
in regard to diet, body weight, nitrogen balance and circulating plasma protein 
are presented m Tables I, II, III, IV, and V, and Figs i and 2 

Each subject was on a fixed dietary intake of o 75 Gm protein and 45 
ones per day This amounted to 8 i Gm of nitrogen and 3020 calories for t le 
first subject (MNL i) and 8 8 Gm of nitrogen and 3315 calories for the secon 
(MNL 2) Approximately 44 per cent of the calories came from protein 
There was minimal variation among the five serially rotated diets 

On this regimen, body weights were maintained, and nitrogen excretion , 
both fecal and urinary, were essentially constant during the control perio 
(Tables II, III and Fig i) One subject (MNL 2) was mminimaL^^ 

t Prepared by The Michael Reese Serum Center 
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nitrogen balance of o I Gm pe. day, while the other (MNL i) was in slightly 

more positive balance, o 5 Gm nitrogen per day 

After 26 and 18 days respectively, fresh, separated red cells were infused 
Subject MNL i received approximately 225 cc cells daily for three days, sub- 
ject MNL 2, approximately 250 cc daily for two days In terms of red ce 
nitrogen, this amounted to a total of approximately 36 and 26 Gm respectively 


Table I — Mean 

Daily Dictaiy Intake 



Subject 


Nutrient 

MNL 1 

MNL 2 

Calories 

3020 

3315 

Nitrogen (Gm ) 

8 1 

8 8 

Carbohydrate (Gm ) 

330 

365 

Fat (Gm ) 

165 

180 


NITROGEN DATA IN TWO NORMAL MALES MADE POLYCYTHEMIC 
BY ERYTHROCYTE INFUSIONS 


SUBJECT MNL 2 



1 I 1 1 i I 1 1 I I I 1 1 ( 
24 22 20 (8 16 14 12 


BEFORE INFUSIONS 


> i t I 1 i 1 t 1 I I I I I i t I I I I 

20 22 24 26 2B 30 32 34 36 38 


DAYS 


AFTER INFUSIONS 


Fig i—^A slow steady excretion of “extra” nitrogen, over and above the 
preinfusion mean, follows the infusion of erythrocytes into normal males m amounts 
sufficient to produce a significant polyc3'tliemia In the figure the nitrogen of the 
infused red cells is not charted as intake 


Thus, on the days of infusions, the total nitrogen intake of each subject was 
more than doubled 

Both subjects developed fever, malaise and the othei evidences of an acute 
influenzal infection within 48 hours following the first red cell infusion This 
persisted for two to three days, the highest temperature reached being about 
102 degrees in each case Neither subject was seriously ill There was no 
evidence of any transfusion reactions 


725 



LEVENSON, BIRKHILL, MALONEY AND BELL 

Oclob^i 


T\bie II — Nitrogen Balance Data in a Notmal Male Made Polxcythoiuc 
by Etytlnocyte Infusions 


Daj of 
Study 


Subject MNL 1 — Nitrogen Intake 8 06 Gm Daily 



Urine 

Fecal 

Total 

Nitrogen 

Nitrogen 

Extra 

Nitrogen 

Excretion 

Above 

Preinfusion 

Extra 

Nitrogen 

Exaction 

Above 

Preinfusion 

Mean 

Weight 

Nitrogen 

Nitrogen 

Excretion 

Balance 

Mean 

(Gm 

(Kg) 

(Gm) 

(Gm ) 

(Gm) 

(Gm ) 

(Gm /day) 

cumuhtivc) 


Before 

Infusion 

26 

66 9 

6 28 

1 31 

7 59 

0 47 


25 

67 0 

6 28 

1 31 

7 59 

0 47 


24 

66 6 

6 60 

1 31 

7 91 

0 IS 


23 

66 4 

6 60 

1 31 

7 91 

0 IS 


22 

66 S 

6 65 

1 31 

7 96 

0 10 


21 

66 7 

6 65 

1 34 

7 99 

0 07 


20 

66 7 

6 29 

1 34 

7 63 

0 43 


19 

66 6 

6 29 

1 34 

7 63 

0 43 


18 

66 7 

6 IS 

1 34 

7 49 

0 57 


17 

66 6 

6 15 

t 34 

7 49 

0 57 


16 

66 3 

6 59 

0 86 

7 45 

0 61 


IS 

66 S 

6 59 

0 86 

7 45 

0 61 


14 

66 S 

7 10 

0 86 

7 96 

0 10 


13 

66 5 

7 10 

0 86 

7 96 

0 10 


12 

66 3 

6 ss 

0 86 

7 41 

0 65 


11 

66 4 

6 SS 

1 38 

7 93 

0 13 


10 

66 7 

5 90 

1 38 

7 28 

0 78 


9 

66 0 

5 90 

1 38 

7 28 

0 78 


8 

65 9 

6 51 

1 38 

7 89 

0 17 


7 

66 S 

6 51 

1 38 

7 89 

0 17 


6 

66 5 

6 59 

0 86 

7 25 

0 81 


5 

66 2 

6 39 

0 86 

7 25 

0 81 


4 

66 0 

6 39 

0 86 

7 25 

0 81 


3 

66 1 

6 39 

0 86 

7 25 

0 81 


2 

66 1 

7 00 

0 86 

7 86 

0 20 


1 

66 4 

7 00 

0 86 

7 86 

0 20 


After 

Infusion 

1 

66 4 

7 48 

1 09 

8 57 

-0 51 

1 01 

2 

66 8 

6 97 

1 09 

8 06 

0 00 

0 so 

3 

66 9 

6 97 

1 09 

8 06 

0 on 

0 50 

4 

66 3 

6 78 

1 09 

7 87 

0 19 

0 31 

5 

65 9 

6 78 

1 15 

7 93 

0 13 

0 37 

6 

66 6 

6 78 

1 IS 

7 93 

0 13 

0 37 

7 

66 4 

6 78 

1 IS 

7 93 

0 13 

0 37 

8 

66 5 

7 73 

1 IS 

8 88 

-0 82 

1 32 

9 

67 2 

7 73 

1 15 

8 88 

-0 82 

1 32 

10 

66 7 

7 64 

1 25 

8 89 

-0 83 

1 33 

n 

66 7 

7 64 

1 25 

8 89 

-0 83 

1 33 

12 

66 8 

8 06 

1 25 

9 31 

-1 25 

1 75 

13 

66 5 

8 06 

1 25 

9 31 

-1 25 

I 75 

14 

66 S 

7 02 

1 25 

8 27 

-0 21 

0 71 

15 

66 5 

7 02 

1 31 

8 33 

-0 27 

0 75 

16 

66 4 

7 04 

1 31 

8 35 

-0 29 

0 77 

17 

66 5 

7 04 

1 31 

8 35 

-0 29 

0 77 

IS 

66 0 

8 21 

1 31 

9 52 

-1 46 

1 96 

19 

66 4 

8 21 

1 31 

9 52 

-1 46 

1 96 

20 

66 6 

8 49 

1 27 

9 76 

-1 70 

2 20 

21 

6S 9 

8 49 

1 27 

9 76 

-1 70 

2 20 

22 

66 4 

7 S3 

1 27 

8 80 

-0 74 

1 24 

23 

66 2 

7 53 

1 27 

8 80 

-0 74 

1 24 

24 

66 4 

7 09 

1 11 

8 20 

-0 14 

0 64 

25 

65 8 

7 09 

1 11 

8 20 

-0 14 

0 64 

26 

66 0 

7 37 

1 11 

8 48 

-0 42 

0 92 

27 

65 8 

7 37 

1 11 

8 48 

-0 42 

0 92 

28 

65 5 

6 30 

1 11 

7 41 

0 65 

—0 15 

29 

66 0 

6 30 

1 07 

7 37 

0 69 

-0 19 

30 

66 0 

6 61 

1 07 

7 68 

0 38 

0 12 

31 

6S 6 

6 61 

1 07 

7 68 

0 38 

0 12 

32 

65 9 

6 68 

1 07 

7 75 

0 31 

0 19 


65 8 

6 68 

1 07 

7 75 

0 31 

0 19 

34 

65 S 

6 61 

1 12 

7 73 

0 33 

0 17 

?5 

65 5 

6 61 

1 12 

7 73 

0 33 

0 17 

?6 

65 6 

6 31 

1 12 

7 43 

0 63 

—0 13 

37 

65 6 

6 31 

1 12 

7 43 

0 63 

—0 13 

38 

65 5 

6 70 

1 12 

7 82 

0 24 

0 26 


1 01 
1 11 
2 01 

2 32 
2 60 

3 06 

3 43 

4 75 

6 07 

7 40 

8 73 
10 48 
12 33 

12 94 

13 69 

14 46 

15 23 
17 19 
19 IS 
21 75 

23 SS 

24 79 
26 03 

26 67 

27 31 

28 23 

29 15 
29 00 
28 81 

28 93 

29 05 
29 24 
29 43 
29 60 
29 77 
29 64 
29 SI 
29 77 
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Table III — Nitiogcn Balance Data m a Noi uial Male Made Polyeyfhenue 

by El ythrocyte hijusions 




Subject MNL 2— 

-Nitrogen Intake 8 77 Gm 

Daily 


Day of 

Weight 

Urine 

Nitrogen 

Fecal 

Nitrogen 

Total 

Nitrogen 

Excretion 

Nitrogen 

Balance 

Extra 

Nitrogen 

Excretion 

Above 

Preinfusion 

Mean 

Extra 

Nitrogen 

Excretion 

Above 

Preinfusion 

Mean 

(Gm 

Study 

(Kg) 

(Gm) 

(Gm) 

(Gm) 

(Gm) 

(Gm /da>) 

cumulative) 


Before 



Infusion 



18 

72 6 

7 11 

17 

72 0 

7 11 

16 

71 6 

7 83 

IS 

71 2 

7 83 

14 

70 7 

7 06 

13 

70 7 

7 06 

12 

71 2 

7 10 

11 

70 7 

7 10 

10 

70 2 

6 92 

9 

70 3 

6 92 

8 

70 5 

7 00 

7 

70 7 

7 00 

6 

70 7 

7 30 

5 

70 4 

7 30 

4 

70 0 

6 82 

3 

70 1 

6 82 

2 

70 3 

7 34 

1 

69 9 

7 34 

After 



Infusion 



1 

70 2 

6 24 

2 

71 0 

7 01 

3 

72 0 

7 01 

4 

71 7 

6 62 

S 

71 2 

6 62 

6 

71 0 

7 76 

7 

70 0 

7 76 

8 

70 5 

8 67 

9 

70 4 

8 67 

10 

69 7 

7 68 

11 

69 8 

7 68 

12 

69 9 

8 46 

13 

69 7 

8 46 

14 

69 3 

7 92 

15 

69 6 

7 92 

16 

69 4 

7 62 

17 

69 9 

7 62 

18 

69 7 

8 25 

19 

69 4 

8 25 

20 

68 9 

7 79 

21 

69 2 

7 79 

22 

69 8 

8 29 

23 

70 1 

8 29 


1 61 

8 72 

0 05 

1 61 

8 72 

0 05 

1 51 

9 34 

-0 57 

1 51 

9 34 

-0 57 

1 51 

8 57 

0 20 

1 51 

8 57 

0 20 

1 51 

8 61 

0 16 

1 75 

8 85 

-0 08 

1 75 

8 67 

0 11 

1 75 

8 67 

0 11 

1 75 

8 75 

0 02 

1 75 

8 75 

0 02 

1 30 

8 60 

0 17 

1 30 

8 60 

0 17 

1 30 

8 12 

0 65 

1 30 

8 12 

0 65 

1 30 

8 64 

0 13 

1 30 

8 64 

0 13 


I 61 

7 85 

0 92 

1 61 

8 62 

0 15 

1 61 

8 62 

0 15 

1 61 

8 23 

0 54 

1 64 

8 26 

0 51 

1 64 

9 40 

-0 63 

I 64 

9 40 

-0 63 

1 64 

10 31 

-1 54 

1 64 

10 31 

-1 54 

1 75 

9 43 

-O 66 

1 75 

9 43 

-0 66 

1 75 

10 21 

~1 44 

I 75 

10 21 

~1 44 

1 75 

9 67 

-0 90 

1 75 

9 67 

-0 90 

1 75 

9 37 

-0 60 

1 75 

9 37 

-0 60 

1 75 

10 00 

-1 23 

1 75 

10 00 

~1 23 

1 01 

8 80 

-0 03 

1 01 

8,80 

-0 03 

1 01 

9 30 

-0 53 

1 01 

9 30 

-0 53 


0 

73 

0 

73 

0 

73 

1 

46 

I 

64 

3 

07 

1 

64 

4 

70 

0 

76 

5 

45 

0 

76 

6 

20 

1 

54 

7 

73 

1 

54 

9 

26 

I 

00 

10 

25 

1 

00 

11 

24 

0 

70 

11 

93 

0 

70 

12 

62 

1 

33 

13 

94 

1 

33 

IS 

26 

0 

13 

15 

38 

0 

13 

15 

SO 

0 

63 

16 

12 

0 

63 

16 

74 
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Beginning at once after the infusions in subject MNL i, and after a few 
days in subject MNL 2, “extra” nitrogen, o 5 to i o Gm daily over and aboie 
the preinjection control mean values, appeared in the urine (Tables II and III 
and Fig i) Fecal nitrogen was unchanged The increased urinary nitrogen 
excretion persisted throughout the period of observation (23 days post-mfu- 
sion) in subject MNL 2 Subject MNL i was followed for a longer period of 
time, and the "extra” urinary nitrogen excretion lasted for about one month 
Thereafter, nitrogen excretion became stabilized at the preinjection level 


Table IV — Nitrogen Excretion in Notmal Males Made Polycythemic 
by Erythrocyte Infusions 

(Extra nitrogen Excretion Above Pre infusion Mean cumulative 
expressed as per cent of infused erythrocyte nitrogen) 


Day of Study 

After Infusions 

MNL 1 

Subject 

MNL 2 

1 

2 8 

0 

2 

4 2 

0 

3 

5 6 

0 

4 

6 4 

0 

5 

7 S 

0 

6 

8 5 

2 8 

7 

9 5 

5 6 

8 

13 

12 

9 

17 

18 

10 

21 

21 

11 

24 

24 

12 

29 

30 

13 

34 

36 

14 

36 

40 

15 

38 

43 

16 

40 

46 

17 

42 

48 

18 

48 

57 

19 

S3 

59 

20 

59 

60 

21 

66 

61 

22 

69 

62 

23 

73 

64 

24 

74 


25 

76 


26 

78 


27 

81 



In Fig 2 and Table IV the “extra” urinary nitrogen, expressed as per cent 
of the infused red cell nitrogen, is listed cumulatively It is apparent that 
although the subjects received different quantities of red cells, and excrete 
different absolute amounts of excess nitrogen, the excretion was proportionate j 
the same By the time the preinjection urinary nitrogen level was reac le , 
“extra” nitrogen inathemahcally equivalent to (but not necessauly deuve 
j> 07 ) 1 ) 80 per cent of the infused red cell nitrogen had been excreted 

The total circulating plasma proteins (Table V) remained essentiall} un 
changed throughout the control and experimental periods 

728 



Volurno 130 
NumbDr 4 


METABOLIC FATE OF INFUSED ERYTHROC\TE 


NITROGEN EXCRETION 

IN NORMAL MALES MADE POLYCYTHEMIC 
BY ERYTHROCYTE INFUSIONS 



Fig 2 — It IS apparent that the quantities of "extra” nitro- 
gen excreted following er}'throcj’'te infusions m normal males is 
proportional to the quantity of red cell nitrogen infused 


Table V 

— Total Scum Protein, 

Albumin and Globulin 

in Normal Males 


Made Polycyfhctmc by Erythi ocyte Infusions 



Total 



Total 

Total 

Total 


Protein 

Albumin 

Globulin 

Circulating 

Circulating 

Circulating 

(Gm /too ml 

(Gm /lOO ml (Gm /lOO ml 

Serum Protein 

Serum Albumin 

Globulin 

Day of Study 

serum) 

scrum) 

serum) 

(Gm) 

(Gm) 

(Gm) 

Subject MNL 1 







Before 

Infusion 







17 

6 5 

4 4 

2 1 

190 

130 

61 

6 

6 6 

4 S 

2 1 

195 

130 

60 

After 

Infusion 







8 

6 1 

4 1 

2 0 




16 

6 6 

3 9 

2 7 

190 

110 

77 

22 

6 6 

4 7 

1 9 

185 

130 

53 

51 

6 2 

4 4 

1 8 

190 

135 

55 

87 

5 9 

4 1 

1 8 

190 

130 

58 

108 

6 7 

4 4 

2 3 



Subject MNL 2 







Before 

Infusion 







6 

6 3 

4 2 

2 7 

225 

150 

96 

3 

6 0 

3 9 

2 1 

21S 

140 

75 

After 

Infusion 







8 

16 

6 3 

6 1 

3 7 

4 1 

2 6 

2 0 

225 

130 

93 

22 

48 

86 

107 

6 3 

6 1 

6 2 

6 1 

4 1 

4 1 

4 2 

4 2 

2 2 

2 0 

2 3 

1 9 

230 

235 

225 

215 

ISO 

160 

155 

ISO 

80 

78 

85 

68 
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B Plasma Volume, Red Cell A^ass, Eiythiocyfe Smvival and Pioduchon In 
order to follow erythrocyte survival, serologically identifiable red cells had been 
infused It was therefore possible to differentiate between representatu e donor 
and recipient cells, and to quantitate the number of each cell type circulating 
In Fig 3 and Table VI plasma volumes, red cell masses, and sun-ual ol 
the donor and recipient cells in subject MNL i are plotted There vere no 
significant changes in plasma volume throughout the period of study Follow- 
ing the infusions, there was a progressive fall in the initially increased red cell 


Table VI — Plasma Volumes, Hcmafoctifs and Red Cell Masses in Normal Wnici 
Made Polycythemic by Infusions of Eiytluocytcs 


Plasma Total Red Cell Subject s Own Infu'cd 

Volume Hematocrit Mass Red Cell Mass Red Cell Masj 

Day of Study (ml ) % (ml ) (ml ) (ml ) 


Subject MNL 1 


Before 

Infusion 


17 

2860 

43 

1800 

1800 

6 

2985 

42 

1820 

1820 

After 





Infusion 





3 

2930 


2485 

1810 

16 

2860 

51 

2535 

1960 

22 

2780 

47 

2175 

1625 

38 

3195 

40 

1810 

1310 

51 

3070 

41 

1800 

1430 

87 

3205 

40 

1835 

1725 


Subject MNL 2 


Before 

Infusion 


6 

3700 

46 

2695 

2695 

3 

3450 

47 

2600 

2600 

After 





Infusion 





3 

3575 

51 

3150 

2650 

8 

3570 

51 

3180 

2675 

48 

3875 

43 

2465 

2165 

86 

3700 

44 

2450 

2220 

107 

3510 

44 

2400 

2300 

127 


48 




0 

0 


675 

575 

550 

500 

370 

no 


0 

0 


500 

505 

300 

230 

100 

0 


mass, and, by the 38th day it had returned to the premjection level The hemat- 
ocrit had also returned to normal by this time Although the hematocrit an 
red cell mass had returned to the premjection levels, this was not due to an 
increased destruction rate of the infused cells hut rather to a concomitant 
decrease m the recipient’s own cells Thus, while the subjects om n red cell mass 
was about 1800 ml during the control period, it was only about 13 °^ 

38th day post infusion 

As ma}’^ be seen in the lower half of Fig 3, the observ'ed sunnval of ti^ 
infused cells followed the theoretical line of a normal rate of 0 8 per 
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C Live} Function In Table VII and Figs 6 and 7 are plotted obsen'ation 
of liver function and fecal urobilinogen excretion Thymol turbidity, thimc 
flocculation, and serum bilirubin, direct and total, were normal throughout 1' 
period of study in both subjects as was the bromsulfalein test in subjo. 
MNL 2 In subject MNL i, the 45 minute bromsulfalein retention rose i 
about 10 per cent eight days after infusion and persisted at about this level fo 
50 days, following which it returned to normal In this subject the bromsu! 
falein retention had been, on one occasion, just before infusion, 7 per cen 
Neither subject developed signs or S3miptoms of homologous serum jaundic 


RED CELL MASSES. PLASMA VOLUME, 
AND ERYTHROCYTE SURVIVAL 

IN A NORMAL MALE MADE POLYCYTHEMIC 
BY ERYTHROCYTE INFUSIONS 



INFUSION 


DAYS 


Fig 4 — Plasma volumes, hematocrits, and red cell masses m a 
made polycythemic by erythrocyte infusions The survival of the infused red c 
IS normal There is an initial fall in the subject’s own red cell mass during the 
48 days following infusion Thereafter, the recipient cell mass increases prog 
sively to about its preinjection level 


D Souice of the Extia-U unary Ntfiogen Appearing After the Erytlnoc^t 
Infusions As indicated earlier, following the infusions of erythrocytes, t ei 
was a slow, steady excretion of “extra” urinary nitrogen of 0 5 fo ^ " , 

day over the preinjection mean values, which continued for about one mou 
During this time nitrogen mathematically equivalent to about 8o per cent c 
the infused red cell nitrogen was excreted The infused red cells, lioueie 
were not the direct source of the “extra” nitrogen In Figs 8 and 9 f‘ 
“extra” nitrogen is plotted cumulatively, and the quantities of nitrogen equ 

732 



Volume 130 METABOLIC FATE OF INFUSED ERYTHROCYTE 

Number 4 

alent to the destroyed infused cells and the reduction in the recipient’s own 
cell mass are also charted 

As pointed out earlier, the observations of cell survival are consistent with 
normal survival of the infused red cells As expected, the nitrogen equivalent 
of the observed decrease in the infused red cell mass agrees strikingly well 
with the calculated theoretical equivalent, assuming destruction of the infused 


Table VII 

— Ltver Fnuctian and Fecal Urohhnogen Exaction m 
Polycythemic by Eiythiocyte Infusions 

Normal Males Made 

Total 

Erythrocyte 
Day of Mass 

Study (ml ) 

Total 

1 1 Serum Serum 

BUirubm Bilirubin 
(mg/100 (mg/100 

ml serum) ml serum) 

Bromsul- 

phalem 

(% 

retention 
at 45 >) 

Thymol 

Turbidity 

(ufiits) 

Thymol 

Floccula- 

tion 

(units) 

Period of 
Study 
(days) 

Fecal 

Urobilino- 

gen 

(mg /day) 

Subject MNL 1 








Before 









Infusion 









24 


0 05 

1 0 

3 

2 

0 

16 thru 12 

125 

17 

1800 








10 


0 05 

1 9 

7 

3 

0 

11 thru 7 

210 

6 

1820 






6 thru 1 

180 

After 









Infusion 









8 


0 05 

0 6 

11 

3 

0 

1 thru 4 

170 

16 

2535 

0 07 

1 0 


3 

0 

5 thru 9 

170 

22 

2175 

0 19 

1 9 

9 

4 

0 

10 thru 14 

190 

51 

1800 

0 12 

1 9 

10 

2 

0 



87 

1850 

0 20 

1 6 

2 

2 

0 

15 thru 19 

185- 

_ 108 


0 12 

1 6 

1 

1 

0 

20 thru 23 

195 


Subject MNL 2 


Before 

Infusion 

24 


0 02 

1 4 

1 

10 

6 

3 

2695 

2600 

0 19 

1 5 

3 

After 

Infusion 

8 

16 

3182 

0 10 

0 20 

0 8 

2 6 

6 

22 


0 30 

2 1 

3 

48 

2465 

0 12 

1 3 


86 

2450 

0 10 

1 1 

2 

107 

2380 

0 12 

1 7 

1 


24 thru 28 
29 thru 33 
34 thru 38 


16 thru 12 
11 thru 7 
6 thru 1 


1 thru 4 
S thru 9 
10 thru 14 
15 thru 19 
20 thru 23 


165 

190 

175* 


155 

ISS 

120 


175 

140 

215 

200 

115 


cells at a nomtal rate o o 8 per cent per day The nitrogen equivalent of the 
destroyed infused cells thus accounts mathematically for about one-third of the 
extra nitrogen excreted The remainder was accounted for mathematically 

m the most part by the nitrogen equivalent of the observed decrease in the 
subject s own red cell mass 
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DISCUSSION 

Among the many devices which have been employed profitably in elucidat- 
ing problems of nitrogen metabolism, the use of the balance study has proved 
to be of great value By comparing the total output of a given substance with 
the intake during a given period, although no specific information of inter- 
mediary metabolism is gamed, an estimate may be had as to the overall meta- 
bolic processing of the material under study The validity of such balance 
data IS predicated on the ability of the investigator to determine with exacti- 
tude the metabohcally active amounts of the substance under study which 
liave been introduced into and excreted by the organism during a given period 
Such determinations include not only accurate chemical analyses of the raw 

BONE MARROW DEPRESSION FOLLOWING ERYTHROCYTE INFUSIONS 



0 20 40 

% CIRCULATING RED CELL MASS INFUSED 

Fig S — Apparent bone marrow depression m normal 
males made polycythemic by erythrocyte infusions The 
apparent bone mariow depression following the erythro- 
cyte infusions was directly proportional to the relative 
quantity of red cells infused 

materials participating in the balance, but also knowledge of the rapidity with 
which the nutrient substances actually take part in the dynamics of the 
metabolic pool If a material which has been ingested by, or injected into, 
an animal is not metabohcally active during the time of study, it is evident 
that balances constructed on mere total intake and output data for this period 
represent mathematical artefacts rather than accurate indices of the actual 
processing of the nutrient substance 

In the study of protein metabolism, reasonably accurate methods have 
long been available for the determination of nitrogen content m foodstuffs 
and excretory products of the organism The limits of accuracy of such deter- 
minations are fairly well known and the significance of data obtained may be 
scrutinized in light of the probable errors involved However, in respect to 
the metabolic fate of a nutrient following its introduction into the organism, 
knowledge is less complete It appears that ingested dietary protein, peptides 
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and ammo acids are processed rather rapidl)'- This is suggested by measure- 
ment of amino acid levels m the blood following a protein meaP" and through 
consideration of the specific dynamic action of ingested protein upon the basal 
metabolic rate^® Such work indicates that the metabolism of the animal 
begins to feel the impact of ingested protein in a matter of horns, and that its 
oveiall tate may be assayed with reasonable accuracy in terms of a few days 
The work of Schoenheimer and Rittenberg^^ has conclusively demonstrated 
that nitrogen ingested as amino acids in the rat is wudely disseminated 
tliroughout the body within three days following ingestion It is probable 
that had their studies been conducted on the basis of shorter time intervals, a 
still more rapid diffusion of dietary nitrogen would have been demonstrated 


NITROGEN METABOLISM AFTER INFUSION OF ERYTHROCYTES 

SUBJECT. MNLl 



13 15 17 19 21 23 25 27 29 

DAYS AFTER FIRST INFUSION 

Fig 8 (Subject MNL i) The nitrogen equivalent of the destrojed infused 
cells accounts mathematically for about one-third of the “extra” nitrogen excreted 
following erythrocyte infusions in a normal male The remainder can be mathe- 
matically accounted for, in the most part, by nitrogen apparentlj diverted from 
normal erythropoiesis 


In recent years, both clinicians and research wmrkers have been assisted 
by the availability of many nitrogen pi eparations capable of parenteral admin- 
istration Of chief interest among such preparations are four classes of sub- 
stances ammo acid mixtures, protein hydrolysates (peptides and ammo 
acids), plasma proteins, and whole blood In regard to the first two classes, 
It would appear that intravenously injected ammo acids and some short cham 
pol^'peptides are quickly deaminized or converted into body protein Injection 
of such materials finds almost immediate reflection in increased urinarj'^ nitro- 
gen excretion in calorically deficient subjects The greater part of excreted 
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nitrogen takes the form of end products of protein metabolism (urea and 
ammonia) lather than of unchanged ammo nitrogen This holds true, m gen- 
eial, only when the natural isomeis of the amino acids are used Unnatural 
isomers of some ammo acids, and certain peptides of some protein hydrolysate 
pieparations are, for the most pait, excreted unchanged 

Concerning the use of plasma protein as a source of parenteral nitrogen, 
it has been demonstiated b}' Whipple and his colleagues”® that injection of 
such material into dogs as the sole source of nitrogen will promote true bal- 
ance, and, of more importance, w ill maintain animals in good health over long 


NITROGEN METABOLISM AFTER INFUSION OF ERYTHROCYTES 


SUBJECT MNL 2 



Fig 9 — (Subject MNL 2) The nitrogen equivalent of the destroyed infused 
cells accounts mathematically for about one-third of the “extra” nitrogen excreted 
following erythrocyte infusions in a normal male The remainder can be mathe- 
matically accounted for, in the most part, by nitrogen apparently diverted from 
normal erythropoiesis 


periods of time Whipple has also demonstrated,”^ through the introduction 
of N-15 labeled plasma proteins, that diffusion of the injected protein from 
the circulation occurs rapidly Similar results were also obtained by Seligman 
and Fine^^ using plasma labeled with radioactive sulfur and with bromine A 
note of caution in the acceptance of such data as indicating prompt entrance of 
the injected plasma protein in the metabolic pool, is provided by the work of 
Albright,^® Eckhardt^^ and others,^® who have demonstrated in both normal 
and hypoproteinemic patients that utilization of injected plasma protein is 
delayed, ordinarily not beginning until a few days after infusion Thereafter, 
the plasma protein is utilized slowly over a period of one or more weeks 
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By the use of balance studies, Albright^® noted that while disappearance 
of the injected plasma protein from the circulating blood may have been rapid, 
nitrogen, potassium, sulfur and mineral balances failed to reveal complete 
“burning” of the plasma or its deposition as body protein until the end of the 
indicated period Even if part of the infused material had been immediately 
incorporated into body protein unchanged, as suggested by Whipple, it 
appears improbable that such new tissue formation would not have been 
reflected by changes in the balance of potassium, calcium, phosphorus and 
sulphur Similar slow metabolic turnover has also been shown for injected 
serum albumin Such a finding as this may m part explain why some inves- 
tigators have found it relatively easy to achieve mathemahcally positwe nitro- 
gen balance with plasma protein or albumin given intravenously However, it 
is clear that the immediate metabolic implications of such apparent positive 
balance are quite diflferent from those of a positive balance attained with oral 
protein While such intravenously administered protein may serve as imme- 
diate replacement for plasma protein and a source of nitrogen for the organism 
over a long period, conclusions m regard to its immediate nutritional efficacy 
reached on the basis of short term studies must be guarded 

Confusion similar to that outlined above has existed m the consideration of 
eiythrocytes as a source of parenteral nutrition Seriously ill surgical patients 
commonly receive many blood transfusions, and it is important to know to 
what extent the erythrocytes of transfusions contribute to the daily nutritional 
requirements of these patients 

It IS established that the life of normal fresh infused erythrocytes injected 
m tracer amounts to the normal subject vanes between 120 to 130 days 
Further, it is improbable on the basis of present evidence that the protein of 
the erythrocyte takes an active part in the protein metabolic pool of the body 
as long as the red cell is intact Whipple^” has concluded from his observations 
that hemoglobin in its production may draw on the plasma protein but that 
hemoglobin stands apart in the protein economy and does not contribute freely 
to the protein pool Moreover, the work of Shemin and Rittenberg^'^ with red 
cells tagged by the administration of N-15 glycine has indicated that, unlike 
other body nitrogenous compounds, the heme of the red cell retains its labeled 
nitrogen unchanged throughout its life time Gnnstein, Kamen and Moore,^® 
using glycine labeled with O'* in the carboxyl position, have shown that the 
globm moiety of hemoglobin also remains within the red cell during its life 
span without participating in the dynamic protein interchange characteristic 
of nucleated cells 

If metabolic effects are to be seen, then, from the infusion of erythrocytes 
as a source of protein, it would appear likely that these effects must come 
about either as a result of destruction of the red cell with liberation of its 
protein for use by the body or from secondary effects of red cell infusions, 
such as the production of concomitant marrow depression with liberation of 
the protein ordinarily utilized for erythropoiesis 
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In legard to the questions of bone mairow depression and increased ery- 
thiocyte destruction, there is evidence indicating that m certain pathologic 
conditions survival time of the led cell may be materially shortened Moore 
and Cope,"® studying post-burn anemia, weie able to demonstrate with the use 
of radio-iron an apparently increased late of blood destiuction m burned 
patients This occuiied ovei and above that noted as a result of the initial 
hemolysis of erythrocytes pi oduced, probably by the heat, at the time of burn- 
ing In addition, these workers felt that some marrow depression occurred m 
the post-burn state In regard to other pathologic conditions, Ashby®® has 
brought forth evidence that the longevity of the red cell may, on occasion, be 
materially shoitened 

When an actual plethora of red cells exists as opposed to anemic condi- 
tions described above, some authois have postulated an increased late of cell 
destruction Earlier experimental work m animals was alleged to have demon- 
strated this phenomenon Foi the most part, rabbits and dogs weie used 
This early work is open to the criticism that development of isoimmune factors 
were not given sufficient consideration in evaluation of the data It is probable 
that such factors may have played a part m the allegedly increased destruction 

Krumbhaar®® found that despite the intravenous introduction into dogs of 
large quantities of nitrogen in the form of whole blood, the total nitrogen, 
urea, and ammonia in the urine and feces was not appreciably raised for some 
time after the onset of the plethora He states that Forster®^’ ®® and 
Tschiriew®® also had failed to observe an appreciable rise in nitrogen output 
following homologous blood transfusions in dogs Miller et oP~ have reported 
studies on one protein-deficient, anemic dog given large amounts of washed 
red cells intraperitoneally A total of 163 Gm of hemoglobin was given and 
a net production of 173 Gm hemoglobin and 56 Gm plasma protein was 
recorded This study is difficult to interpret, since it was not possible to 
differentiate between red cells produced and red cells absoibed intact from 
tbe peritoneal cavity Further, the amount of red cell destruction, which may 
lie fairly considerable when large quantities of washed erythrocytes are given 
intraperitoneally, was not quantitated 

Kremen® in his review outlines the belief of Melnick®® and associates that 
“the slow continuous breakdown of injected red blood cells after plasma- 
phoresis experiments liberated globin which is completely metabolized similar 
to dietary protein ” 

In a brief abstract, Taylor and Lytle®® have expressed the belief that pro- 
tein of the erythrocyte “is not available for conversion into plasma proteins” 
over short periods of time Lacking information as to further experimental 
details of this study, no statement can be made as to the validity of this 
conclusion 

Kremen® in a short term study of malnourished patients with malignancies 
infused whole blood intravenously as the sole source of nitrogen intake in 
amounts sufficient to produce a transient polycj^themia Although appaient 
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positive nitrogen balance was attained, the red cell protein was apparently not 
immediateh available for general body needs as judged by the failure of 
extra nitrogen to appear in the urine and the apparent persistence of the 
infused cells Pace and his co-workers^° noted a return of the hematocrit to 
normal in about 50 days in normal subjects made polycythemic by transfu- 
sions The possibilities of increased cell destruction and/or depressed bone 
marrow function were discussed, the authors inclining to the latter as more 
likely No quantitative assay of bone marrow'^ activity or changes in red cell 
mass w^ere obtained 

In the present study nitrogen balance and erythrocyte survival in subjects 
made significantly polycythemic by the infusion of fresh, separated, sero- 
logically identifiable red blood cells were follow^ed Normal adult males 
at, or near, nitrogen equilibiium were used as test subjects in order to 
reduce A^ariables to a minimum and to make interpretation relatively 
straight-forward When such individuals are on a fixed diet, and the intake 
of metabolically active nitrogen is suddenly increased, most of the additional 
intake nitrogen is excreted in a relatively short time, since the body appears 
to have little capacity for storage of surplus nitrogen under these conditions 
By noting the urinary nitrogen excretion following the infusion of erythro- 
cytes, and, in addition, quantitating the survival of erythrocytes, both donor 
and recipient, it should be possible to estimate the availability of transfused 
red cell nitrogen to the general body metabolic pool 

Beginning shortly after the infusions in both subjects, extra-nitrogen, 05 
to I o Gm daily over and above the preinjection control mean values, appeared 
in the urine, while fecal nitiogen was unchanged The increased urinary 
nitrogen excretion persisted for about one month, following which nitrogen 
equilibrium was again attained Although the subjects received different 
quantities of red cells, and excreted different absolute amounts of excess 
nitrogen, the excretion was proportionately the same By the time nitrogen 
equilibrium was leattamed extra mtiogen mathematically equivalent to about 
80 per cent of the infused red cell nitrogen had been excreted The infused 
red cells, however, were not dii ectly the source of the extra-urinary nitrogen 
Following the infusions, the initially increased red cell masses and hematocrits 
fell progressively, and returned to the preinjection level in about 40 days 
Pace and his co-ivorkers®® observed a return to normal of the hematocrit m 
their transfused subjects in a similar length of time, and concluded that there 
may have been an increased destruction of infused cells How^ever, this is not 
the case Although the hematocrits and red cell masses returned to the prein- 
jection level, this \vas not due to an increased destruction of the infused cells 
On the contrary, the survival of the infused cells w^as normal 

On the other hand, the levels of the subjects’ own cells were not main- 
tained at first, but fell progressively This fall appears to have been due to 
concomitant marrow depression, since it is unlikely that the subject’s owm 
cells w'ould have been destroj'^ed at a rate faster than that of the infused cells 
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Fuither, the observed fecal urobilinogen excretions weie at levels consistent 
with nonnal destruction of the total led cell mass, not increased destruction 
The deciease in erythropoiesis was i elated to the quantity of red cells infused 
Thus, the first subject leceived infusions amounting to 40 per cent of his 
original red cell mass and demonstrated essentially complete marrow depres- 
sion, while the second leceived infusions amounting to 20 per cent of his 
original led cell mass, and demonstrated about 50 per cent marrow depres- 
sion Preliminary examination of sternal bone marrow smears corroborates 
the apparentl}^ diminished eiythropoiesis White cell production was not 
impaired The apparent depression of erythrocyte production was only tem- 
porary, since as soon as the total circulating red cell mass returned to the 
premjection level eiythrocyte regeneration proceeded at about a normal rate 
More prolonged marrow depression than was obseived m this study has been 
reported following multiple transfusions in a patient with transient thrombo- 
cytopenic puipura"*^ The pathogenesis of mairow depression under the con- 
ditions of artificially induced potycythemia outlined m the present study is 
not clear It has been suggested"*- that erythropoietic activity may be related 
inversely to the blood oxygen content 

As earlier indicated, extra nitrogen, matbematically equivalent to about 
80 per cent of infused red cell nitrogen, was excreted m a period of a month 
following the infusions Quantitatively, houever, the nitrogen equivalent of 
the destroyed infused cells accounted for only about one-third of the extra 
nitrogen excreted The remainder could be accounted for, in the most part, 
by the nitrogen equivalent of the observed decrease in the subject’s own red 
cell mass It would appear, then, that the observed excess urinary nitrogen 
following erythrocyte infusions m normal males on a fixed, adequate diet 
derives in part from the infused red cells, and m part from nitrogen diverted 
from normal erythropoiesis It is not implied that the nitiogen appearing m 
the urine is specifically that of the infused red cells, or that which has been 
diverted from red cell synthesis, but rather that quantitatively equivalent 
amounts are involved The well-known intenelationships of the body nitro- 
gen metabolic pool would negate strict identity 

It IS not possible to state with assurance the effect on nitrogen metabolism 
of the brief mfluenza-like illness which occurred shortly after the infusions 
It IS our impression that considering the mildness of the attacks, the effect was 
minimal and does not introduce any serious difficulties into the interpretation 
of the study 

It should be pointed out that the quantity of nitrogen which might be 
available as a result of depressed erythropoiesis even if complete, is small, 
amounting to only about one Gm per day Only a similar relatively small 
quantity can be expected from the normal breakdown of infused cells Further, 
the biologic efficiency of liberated globin as a protein food-stuff m man is not 
established 
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It IS clear that nitrogen made available to the metabolic pool as a result 
of erythrocyte infusions is not great, is made available only over a period of 
weeks, is of unknown biologic efficiency, and quantitatively would contribute 
little to the overall nutritional requirements Whether this process is acceh 
eiated in patients during catabolic or anabolic conditions is to be studied 

CONCLUSIONS AND SUMMARY 

The metabolic fate of infused eiythrocytes in adults made significantly 
polycythemic by transfusions has not been known Only inadequate and 
incomplete information has been available on erythrocyte survival and bone 
marrow function m such individuals Data on these points uere obtained in 
two normal adult males on a constant diet receiving serologically identifiable, 
fi esh, separated erythrocytes Observations were made on body weight, 
nitrogen balance, circulating plasma protein and erythrocyte mass , erythroc) te 
survival, serum bilirubin concentration, urobilinogen excretion, and liver 
function 

Plasma volumes, liver function, and circulating plasma proteins were 
essentially unchanged throughout the period of the study Survival time of 
the infused erythrocytes was not shortened The infused red cell mass 
decreased at a normal, expected rate of o 8 per cent per day Concomitantly, 
the mass of the recipient’s own erythrocytes declined at a rate of 04 to 0 8 
per cent per day m direct proportion to the relative amount of the infusions 
This progressive fall in the subject’s own erythrocyte mass was probably due 
to erythropoietic depression rather than to abnormally increased destruction 
This is suggested by the normal survival of the infused erythrocytes and by 
urobilinogen excretion consistent with breakdown of the total red cell mass 
at a normal, not an increased, rate There was a direct linear relationship 
between the extent of apparent bone marrow depression and the degree of 
induced polycythemia 

A slow, steady excretion of o 5 to i o Gm of nitrogen per day (above the 
control equilibrium value) began shortly after the infusions and continued for 
one month The total extra nitrogen excreted was mathematically equivalent 
to 80 per cent of nitrogen content of the infused erythrocytes However, this 
excess nitrogen derived only in small part from the infused red cells The 
greater part could be accounted for almost completely by nitrogen diverted 
from normal erythrocyte synthesis as a result of apparent marrow depression 
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Discussion — Dr Charles C Lund, Boston, Mass Dr Levenson and his associates 
should be congratulated on this careful and rather complicated piece of work When Dr 
Levenson was working with Taylor and me and others of my associates during the studies 
of burns during the war, Taylor and I had many battles as to what to do with charting 
the nitrogen that went into these patients in the form of whole blood However, what you 
do about getting up your records is not as important as what happens to the patients and 
what this means to the patients 

The members of this Society, with a long senes of studies presented by Elman and 
Ravdm and others on nitrogen metabolism and studies concerned with transfusion, have 
a pretty clear idea that blood and nutrition both are needed in the long-time very sick 
patient As I talk with people and see patients, a little away from the top medical centers, 
there still are a great many doctors who know that patients need to be fed, but they don’t 
know the quantitative implications of feeding when continuing losses are taking place, 
and they are satisfied that they are doing enough to feed the patient if they give a unit 
or two of plasma, or give some blood It is surprising how frequently you run into patients 
who could easily be given either oral or other feeding by those doctors who are per- 
fectly happy that they are taking care of the patients with blood 

This paper is one more to show that the treatment for lack of blood and the treatment 
for lack of food must be clearly differentiated, and you cannot use one for the other 

Dr F Ross Birkhill, Chicago, 111 I wish to thank Dr Lund for his helpful com- 
ment and criticism of this work In summary, it should be emphasized that the nitrogen 
available from erythrocyte infusions ma}^ be considered to come from' two sources — either 
from destruction of the red cells themselves or from concomitant marrow depression We 
have shown in this study that significant marrow depression indeed does occur, as evidenced 
by a fall in the erythrocyte mass of the recipient 

We found, as a result of marrow biopsies, that the myeloid-erythroid ratio was ma- 
terially changed as a result of these infections, and definite marrow depression resulted 
A certain amount of nitrogen is to be expected from such depression, and many glowing 
reports have appeared in the literature postulating a flood of nitrogen from such marrow 
depression, but it is evident that the erythropoietic centers, which have been accustomed 
to maintaining a normal red cell volume, can release about i Gm or at the most Gm 
of nitrogen daily 

As a result of this, it is perfectly evident that the amount of nitrogen available from 
some such erythrocyte depression is inconsequential m providing for the nutritional needs 
of the patient or m reversing the catabolic phase 

The other source of possible nitrogen, of course, lies m the destruction of the red cells 
themselves, and we have shown here that such destruction is roughly normal m normal 
subjects made polycythemic That increased destruction may on occasion occur m other 
patients, debilitated, and the like, cannot be denied Winifred Ashby has put forth evidence 
to indicate that m various pathological states increased destruction of infused red cells 
may occur It has been brought forth many times also that m the post-burn phase, long 
after the acute thermal trauma to red cells, there occurs a continuing destruction of red 
cells, at times up to 200 cc of red cells per day 

However, it is very doubtful that such a condition obtains m the variety of conditions 
with which the surgeon is faced m his nutritional requirements Therefore, it may be 
said that the red cell infusions really mean relatively little to the patient from the stand- 
point of released nitrogen 

As Dr Lund has emphasized, it is of no consequence to him that a mathematicallv 
positive balance has been maintained by the surgeon The important factor is whether or 
not the infused protein is immediately available for his nutritional needs and for the 
reversal of the catabolic phase, which, as can be seen from previous discussion, probably 
cannot be varied as an entity as yet 
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Therefore, with this evidence we must view with some caution studies in the litera- 
ture which have reported to reverse catabolic phases, which have purported to maintain 
patients m good nutritional balance when red cells have been used as a significant part 
of their daily nitrogen requirements Before we can evaluate properly such studies, we must 
know the extent of marrow depression, if any, which has been consequent upon such 
infusions 

In all probability the nitrogen released is insignificant We must know the amount of 
red cell destruction It appears likely that in the majority of conditions the nitrogen 
thereby released is also insignificant for nutritional needs, and, lastly, we must know more 
of the biological value of the red cell protein, namely, globin, for it has been shown 
to be an incomplete protein lacking certain of the essential amino acids 

Until such information is forthcoming we must hesitate to evaluate finally such studies 


746 



AN EVALUATION OF OXYGEN THERAPY* 

Philip B Price, M D , Ralph C Richards, M D , and 
James B Hammond, M D 

Salt Lake City, Utah 

Oxygen is used extensively as a therapeutic agent, but not always with 
disci imination 

The usefulness of oxygen administration has long been a subject of investi- 
gation and discussion Although its theoretical limitations are set foi th in text- 
boolvs of physiology, and Goodman and Gilman^ state cleaily that “with few 
exceptions, the therapeutic usefulness of oxygen is in anoxic anoxia,” yet m 
piactice, oxygen is customarily administered for all soits of conditions — to 
almost any patient, indeed, whose vital functions are threatened In an influen- 
tial article, Boothby, Mayo and Lovelace” assert that administration of lOO per 
cent oxygen combats shock, and they lecoinmend the employment of oxygen 
immediately after operation in all patients who have undeigone extensive sui- 
gical procedures Judd® is quoted as saying “There can be no question that the 
use of oxygen is a valuable aid in the immediate postoperative care of patients 
for which surgical treatment has been carried out on account of some serious 
abdominal conditions ” The new generation of physician-anesthesiologists are 
enthusiastic and generous users of oxygen On the other hand, Blalock‘S 
expresses the clinical experience of many surgeons when he says, “Inhalation 
of ox)^gen in the treatment of traumatic shock has been disappointing ” 

On theoretical grounds it has been urged that administiation of high con- 
centrations of oxygen raises the oxygen content of hemoglobin slightly, and the 
oxygen content of plasma even more , that is to say, when the patient breathes 
pure oxygen, his blood may contain up to one-seventh more oxygen than when 
he breathes air That would appear to be a worthwhile gam for any patient 
threatened with anoxia 

The answer to that line of reasoning is that oxygenation is a very complex 
physiologic and physico-chemical process Oxygen tension m the blood leaving 
the lungs is only one of many interrelated variables There are also matters of 
adequate respiration, integrity and efficiency of the circulation, ability of blood 
to give up oxygen to the tissues, and ability of the tissues to utilize delivered 
oxygen None of these aspects taken alone can be considered a reliable indica- 
tion of the degree of oxygenation as a whole A slight increase m oxygen con- 
tent of arterial blood, for example, might be more than counterbalanced by a 
concomitant slowing of the blood flow 

The only single test that provides an accui ate measure of oxygenation as a 
whole IS the minute volume of oxygen uptake Since the body cannot store 
oxygen, the quantity of gas absorbed by the lungs m a period of time represents 
the exact quantity used by the body during that time Oxygen consumption is 
the algebraic sum of all the variables influencing oxygen utilization 

* Read before the American Surgical Association, April 22, 1949, St Louis, Missouri 
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If the beneficial effects of oxygen therapy are due to an increase m total 
oxygen consumption, then there should be a measurable difference between 
oxygen consumed by an individual breathing air as compared to the same indi- 
vidual breathing pure oxygen It was with this idea in mind that the following 
study was begun 


Table I — Peripheral Circulatory Failure 


Produced by 

Effects of Oxygen 

Hemorrhage ^ 

E-ctensive burn 1 

Intestinal obstruction ( 

General peritonitis ( 

Crush of extremities 1 

Histamine injection 1 

1 j No appreciable chnical improvement 

^ ' No significant increase m oxygen uptake 

> 
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Fig I — A representative experiment in which severe hemorrhagic shock was 
treated with plasma with temporary improvement but fatal outcome, as indicated by 
the blood pressure curve The heavy solid line (labeled “oxygen") indicates the 
oxygen uptake when the dog was breathing pure oxygen , the broken line (labeled 
“air”) represents oxygen uptake when breathing atmospheric air It is obvious that 
throughout the experiment, during the basal period and also during early and late 
shock, oxygen consumption was similar when breathing air and breathing oxygen 


EXPERIMENTS 

Oxygen uptake was measured in about 75 narcotized dogs which were made 
to bieathe first atmospheric air and then approximately 100 per cent oxygen 
The gases were administered alternately in accurately measured amounts 
through a closed system, in which was incorporated a pair of calibrated, water- 
sealed, BMR spirometers connected to the animal by a cuffed endotracheal 
tube 

Experiments were in three groups Fust, shock was produced in several 
different ways (Table I) In none of these experiments, during either early or 
late shock, was administration of oxygen followed by any apparent clinical 
improvement, or any significant increase in oxygen uptake 

Figure I illustrates a typical experiment This dog was bled severely 
When his condition became critical, he was given plasma which prolonged his 
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life although he died eventually from peripheral circulatory failure Through- 
out the, experiment, breathing oxygen and bieathmg air w^ere equally efficacious 
Figure 2 shows a similar result in an animal "which, after bilateral lumbai 
sympathectomy, was subjected to compression of both thighs A typical acute 
crush syndrome ensued which was rapidl}'^ fatal Again, it will be noted that 
breathing an and oxygen had equal effects upon oxygen uptake 

In our second set of experiments (Table II), central circulatory failure 
uas produced by cardiac tamponade Pressure of fluid m the pericardium was 



Fig 2 — A representative experiment in which, following lum- 
bar sympathectomy, crushing force was applied to the dog’s thighs 
for 2j/2 hours Rapidly fatal shock ensued Throughout this experi- 
ment air-breathing and oxygen-breathing had equal effects, as far as 
oxygen consumption was concerned 


Table II — Central Circulatory Failure 

Produced by Effects of Oxygen 

^ ^ { No appreciable clinical improvement 

Cardiac tamponade 

I No signincant increase m oxygen uptake 


increased by increments until the animals finally died In this condition also, 
administration of oxygen did not improve the animals clinically, and did not 
increase oxygen consumption 

In a third group of experiments (Table III), respiration was embarrassed 
in various ways by tracheal obstruction, by prolonged inspiratory resistance, 
by pneumothorax and hydrothorax, by central respiratory depression with 
morphine and barbiturates, and by external pressure on the thorax and 
abdomen In mild degrees of respiratory interference, without cyanosis, 
breathing pure oxygen was of no appreciable value When respiratory embar- 
rassment was enough to cause slight cyanosis, oxygen relieved the cyanosis, 
although oxygen consumption per minute was not increased In severe degrees 
of respiratory dysfunction, however, oxygen improved the cyanosis and caused 
a significant increase in oxygen uptake 
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Figure 3 illustrates a representative experiment in which we made the do<^ 
breathe against inspiratory resistance in an unsuccessful attempt to produce 
pulmonary edema It is clear that m this condition oxygen consumption was 
increased by oxygen administration, although there was a manifest tendency 
toward compensation, so that after a time air-breathmg became just as effective 
as oxygen-breathing It will be noted also that sudden falls in blood pressure 
occurred whenever oxygen was given 


Table III 

— Respiratory Dysfunction 

Produced by 

Effects of Oxygen 

Central respiratory depression 

In mild respiratory embarrassment (with 
out cyanosis) no appreciable benefit 

Tracheal obstruction 

Prolonged inspiratory resistance 

In moderate respiratory embarrassment 
(with cyanosis) cyanosis relieved but 
no increase in oxygen uptake 

Pneumothorax or hydrothorax 

Constriction of chest and abdomen 

In severe respiratory embarrassment 
cyanosis reduced clinical improve 
ment increased oxygen uptake 



Fig 3 — A representative experiment in which the dog was 
made to breathe against inspiratory resistance for many hours 
The rising curve of oxygen consumption indicates increasing de- 
mands for oxygen that could not be met during the last 2^4 hours, 
m consequence of which the animal died from anoxia It is clear 
that breathing oxygen was of some benefit m this case 

Another example of respiratory embarrassment is shown in Figure 4 The 
aforementioned effects of oxygen are again clearly demonstrated With a 
moderate-sized pneumothorax there was slight cyanosis which was relieved 
by oxygen, although oxygen uptake was not increased When the pneumo- 
thorax was increased, however, so as to cause severe embarrassment of respir- 
ation, the benefit from breathing oxygen became obvious, both in clinical 
improvement and in increased oxygen consumption But here again, compensa- 
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tion occurred so that in the end air nearly matched pure oxygen in efficacy 
Note also how the arterial blood pressure fell precipitately 20 to 40 mm Hg 
whenever oxygen was given, but rose promptly to its original level whenever 
the animal was permitted to breathe an again This last effect was due, we 
believe, to the fact tliat the dogs, when given oxygen, breathed much more 
slowly and easily, liut m the process the pumping action of dyspnea on venous 
return to the heart was largely lost These drops in blood pressure were 
associated with, and in fact were caused by, proportionate sudden reductions in 
cardiac output 

We have had a number of dogs in late stages of shock, with coincident hypo- 
tension and respiratory embarrassment, that died suddenly upon administration 
of pure ox3^gen On at least two occasions I have seen the same thing happen 
in patients It is possible that in such cases breathing oxygen caused sudden 
fatal reduction of cardiac output 
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Fig 4 — A representative experiment in which respiration 
was embarrassed by pneumothorax The advantage of breathing 
oxygen under these conditions is manifest 


DISCUSSION 

These experiments are believed to provide at least a partial answer to the 
questions, What are the indications for oxygen therapy ^ What does breathing 
oxygen actually accomplish^ 

In states of shock in which respiration remains unimpeded, administration 
of oxygen is of dubious value Anoxia may indeed be present to a dangerous 
degree, but breathing oxygen will not correct it In such cases, time and effort 
would be better spent in giving blood and blood substitutes, and in other 
measures designed to improve the failing circulation, for that is where the 
trouble lies Restoration of an adequate circulation is the surest way — indeed, 
It is the only way — to correct the anoxia of shock 
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Likewise, in cardiac tamponade, and presumably m other forms of cardiac 
failure also, if there is no associated pulmonary edema or other abnormality 
hindering respiration, administration of oxygen has limited value Here again, 
the fault lies, not in failure of the blood to be fully loaded with oxygen as it 
passes through the lungs, but in deficient transportation of the oxygenated 
blood In central circulatory failure, therefore, one’s efforts should be directed 
principally toward improving the patient’s depressed circulation and reducing, 
at least temporarily, his total oxygen requirements 

But if, for any reason, free and normal respiration is seriously mtertered 
with, administration of oxygen is nearly always indicated The greater the 
respiratory embarrassment, the more urgent the need of breathing oxygen 
Even under these circumstances, however, oxygen administration is only 
palliative The basic problem is to correct the respiratory dysfunction 

In “admixture cyanosis,” in which a portion of the circulating blood passes, 
without being oxygenated through a non-functiomng part of the lung, and 
returns to the left side of the heart to be mixed with oxygenated blood from 
the normal lung tissue, oxygen should be used, although the results are apt 
to be disappointing 

When circulatory failure and respiratory difficulty or disease coexist, 
oxygen should be given — with caution — perhaps combined with a judicious use 
to carbon dioxide But here also it is a mistake to expect too much of oxygen 
The best that can be hoped for is to tide the patient over a brief critical period 
while efforts are being made both to re-establish an adequate circulation and to 
relieve the respiratory embarrassment 

Although the term anoxia is used freely, even glibly, nowadays, actually 
it IS often quite difficult to detect its presence or assess its degree In extreme 
cases, such as in asphyxia or 'acute pulmonary edema, one glance at the deeply 
cyanotic terrified patient struggling for breath will suffice to establish a diag- 
nosis of severe oxygen deficiency, but in other instances, a dangerous degree of 
anoxia may exist without, any other manifestation than progressive deterioration 
of the patient’s condition 

Symptoms of acute oxygen lack noted by aviators — lassitude, headache, 
altered respiration, fatigue, and psychic impairment — are not pathognomonic, 
for they commonly occur without anoxia Dyspnea more often than not is 
simply a compensatory reflex act which successfully protects the body from 
anoxia Cyanosis is not an infallible criterion In polycythemia, it may be 
falsely present , in anemia and in carbon monoxide poisoning, it may be falsely 
absent , and m individuals with normal blood components, slight cyanosis may 
only indicate a high coefficient of oxygen utilization Nor can measurements 
of arterial or venous oxygen content alone be relied upon to indicate the pres- 
ence or degree of oxygen deficiency in the body as a whole That is to say, 
anoxemia is not a true measure of anoxia 

The problem is complicated further by the uneven distribution of blood in 
the body, and by regional variations in blood flow It is quite possible for one 
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pait of the body to suftei oxygen lack while another part receives adequate 
amounts of oxygen Blood oxygen nieasuiements in the carotid, for exapiple, 
01 in the lobe of the ear, do not always tell us whether vital centeis aie oi aie 
not leceiving all the oxygen they need 

In oui pi esent imperfect state of knowledge, the best that can be done, per- 
haps, IS to lecogmze the pioblem, utilize all available clinical and laboratory 
tests, mteipiet them ciitically, and exercise diagnostic acumen and clinical 
judgment If oxygen lack is suspected, but is thought to be due primarily to 
ciiculatoiy failure, reliance should not be placed on oxygen therapy If, on the 
othei hand, oxygen efficiency is thought to be present, and to be due primarily 
to lespiiatory dysfunction, oxygen should be administered But in so doing, 
the weightier matters of coriectmg a failing circulation and relieving an em- 
barrassed respiration must not be neglected These we ought to do and not 
leave the othei undone 


SUMMARY 

It has been commonly assumed that when oxygen is administeied to a 
patient his total oxygen consumption is increased Doubts as to the validity 
of that assumption led to the present investigation 

The value ot oxygen as a therapeutic agent was tested directly m animals 
by having them breathe air and oxygen alternately, and by measuring the 
amounts of oxygen consumed under comparable conditions 

In shock produced by hemorrhage, burns, intestinal obstruction, general 
peritonitis, crush of extremities, and histamine injections, administration of 
lOO per cent oxygen did not result m either clinical improvement or mci eased 
oxygen consumption 

Likewise, in cential circulatory failuie, produced by cardiac tamponade, it 
could not be demonstrated that breathing oxygen had any advantage over 
breathing atmosphei ic air 

However, when respiration was definitely embairassed by central depres- 
sion, tracheal obstruction, prolonged inspiratory resistance, pneumothorax, or 
constriction of the chest and abdomen, oxygen therapy was of demonstrable 
value These animals showed clinical improvement, and the total oxygen 
uptake was increased 

Whenever pure oxygen was administered to dogs with respiratory difficulty, 
the relief of dyspnea was found to be associated with a fall in blood pressure 
of 20 to 40 mm Hg This effect of oxygen may be dangerous if seveie hypo- 
tension and dyspnea coexist 

These results should not be surprising In hemorrhagic and traumatic 
shock the fault lies primarily in deficient blood volume and depressed circula- 
tion, not m failure of the blood to be aerated as it passes through the lungs , 
whereas, in anoxic anoxia the reverse is the case 

The clinical implications of these experimental observations are discussed 
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Discussion — Dr Julian Johnson, Philadelphia, Pa Mr President, I am sure 
that Dr Price is correct in his implication that a great many patients receive oxygen 
therapy when it is not beneficial to them The inaccuracy of estimation of the arterial 
oxygen saturation based on the patient’s color is well known An analysis of a sample of 
arterial blood requires trained personnel and is time consuming 

Perhaps the simplest method of determining whether oxygen therapy is worthwhile 
IS by means of the oximeter A base line blood analysis is not indispensable The oximeter 
can be placed on the patient’s ear, and readings made when the patient is breathing air 
and oxygen No absolute value of arterial oxygen need be obtained However, if the rela- 
tive arterial oxygen is not materially increased when the patient is given oxygen to breathe 
as opposed to air, it is unlikely that it is beneficial to him We have used this procedure 
for some time and have found that we use much less oxygen therapy than previously 
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The oximetter is a photo-electric device for continuous determination of 
the arterial oxygen saturation As the method depends upon the differences 
111 light absolution by the pigments oxyhemoglobin and reduced hemoglobin 
it IS applicable to intact translucent tissue perfused by arterial blood During 
the 14 years since the original work of Kramer^ oximeter technics have been 
explored which promise valuable clinical adjuncts ^ In addition to its use- 
fulness for monitoring the smgical patient’s condition the oximeter provides 
theoretically valid determinations of cardiac output, oxygen consumption,'^ 
residual lung volume,’’ saturation time,® and various circulation time 
values “ These convenient rapid oximeter technics should attain wide 
clinical use with further improvement of the method Considerable variability 
m the design of the various oximeters and in the results obtained by different 
workers necessitated an investigation of the factors influencing oximeter 
accuracy and reproducibility This paper is a preliminarj^ report of observa- 
tions w'hich wall be described m further detail subsequently 

In principle the oximeter is a twm-color photometer or colorimeter As in 
spectrophotometry its operation depends upon the mathematical relationship 
beAveen the absorption of light and the concentration of the absorbing sub- 
stance Idealty, this relationship is logarithmic as defined by Beer’s law In a 
multi-component system the absorption is additive Since blood is essentially 
a twm-.pigment mixture for purposes of determining saturation, this relation- 
ship may be expressed mathematically as 


lo 

log — = (eiHbOz + 62Hb) d 

U 

Iq is the incident light, It the transmitted light, HbO„ the amount of oxyhemo- 
globin, Hb the amount of reduced hemoglobin, and and th^^r respective 
absorption coefficients whose values are constants at a given w^avelength The 
value d represents the length of the optical path and will also be a constant 
for this situation 

It IS apparent that the amount of light absorbed will be a function of ( i ) 
the sum of the amounts of HbOz and Hb and (2) the percentage relationship 

* Aided by a grant from the National Foundation for Infantile Paralysis Read 
before the American Surgical Association, St Louis, Mo , April 22, 1949 
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of these pigments This implies that it will he impossible to differentiate be- 
tween changes m the amount of total pigment and changes m the percentage 
composition merely by measuring light transmission at one wavelength or at 
one color 

If a measurement is taken at a second wavelength different absorption 
coefficients for oxyhemoglobin and reduced hemoglobin are obtained which 
may be used in a similar equation If the ratio of these two equations is 
obtained, the result will be found to vary only between two limits representing 
lOO per cent oxyhemoglobin and lOO per cent reduced hemoglobin i espectively, 
and it will be independent of the total amount of pigment present Any mixture 
of oxyhemoglobin and reduced hemoglobin will have its appropriate inter- 
mediate value Mathematically the equation is 

loAl 
log 

^ ^ (6.AlHb^2+ 62AlHb)d 
(£lA2Hb02 + €2A2 Hb) d 

log 

I(A2 

The numerators represent the measurements at wavelength (I) i and the 
denominatois the measurements at wavelength 2 The absorption coefficients 
have characteristic values at each wavelength 

Oxygen saturation is defined as the latio of oxygen content to oxygen 
capacity This can also be expressed as the ratio of oxyhemoglobin to total 
hemoglobin One hundred pei cent saturation is represented by all the pigment 
in the form of oxyhemoglobin, and o per cent saturation implies that all the 
pigment is in the form of reduced hemoglobin Since this is essentially the 
information obtained by the light absorption measurements, the latter may be 
calibrated to read m percentage oxygen saturation 

The validity of the above assumptions depends upon the experimental con- 
firmation of the expected logaiithmic relationship Kramei^"*’ and Drabkin 
and Austin^® have confirmed the relationship foi hemolyzed blood Its 
application for oximetry involves light scatter of erythrocytes introducing 
marked deviations m transmitted light Thus changes in total blood are not 
reflected as a linear function of the logarithm of transmitted light Study of 
this factor shall be reported subsequently 

The optical density of blood is such m the visible region that only extremely 
thin cuvettes will transmit significant light In the red and near infra-red, 
transmission is considerably higher, permitting the use of thicker cuvettes which 
are comparable m optical density to the arteiiahzed ear A region in the near 
infra-red is known at which the absorption coefficients of oxyhemoglobin and 
reduced hemoglobin are the same If this region is used for the measurement 
at wavelength 2 the denominator of the equation is simplified In this situation 
the total hemoglobin may be measured 

The above discussion has been based on established spectrophotometric 
principles which require that the light be monochromatic, the walls of the 
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cuvette paiallel, the absorbing medium homogeneous, and that no othei absoib- 
mg elements be present In piactice, oximetiy has employed polychromatic 
light, non-pai allel walls for the “cuvette,” an unknown homogeneity of the 
medium, and tissue othei than the blood absorbing considerable light The 
influence of these deviations fiom the ideal lequire investigation for the 
development of quantitative oximetry 

Polychiomatic colonmeti} of existing oximeteis does not afford a rigorous 
assay of the variable factois encountered in the transillummation of bloodless 
and pel fused tissue Complete spectial data pertaining to the oximeter have 
not been pieviously repoited Theiefoie spectrophotometiy of the human eai 
has been undei taken to establish a preliminaiy working basis for the design 
of an impioved oximeter 


PHOTOTUBE 
PREA^tPLIFZEfl 


quartz 

PERISCOPE 


VIBRA TWO REED 
MONOCHROMATOR 



AMPLIFIER 


RECORDER 


-PHOTOTUBE 

ANEROID 

MAN0,-IETER 


Fig I — Ear spectrophotometer 


_ elastic DIAPHRAGM 

^ "f tor ear compression 
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METHODS 

T/ie eai spech ophotometei A Perkin-Elmei model 12 monochiomator 
was modified to conduct the light from the exit slit via quartz prism to the ear 
of a recumbent subject (Fig i) A w^avelength band of approximately 80 
Angstroms in wadth w^as lequired to tiansmit sufficient light through the ear 
An emission type phototube of the S-i 01 S-4 spectral response w^as mounted 
above the ear to measure the transmitted light The monochromatic beam was 
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interrupted at a frequency of 17 cycles per second by a vibrating reed to mod- 
ulate the output of the phototube The amplified AC signal was rectified and 
recorded by a continuous ink-writing potentiometer The chart speed of the 
recorder was synchronized with the rotation of the Littrow prism of the 
monochromator so that the spectrum between 4,000 and 11,000 Angstroms 
was scanned and the transmission spectrum recorded automatically* The 
ear of the subject was secured without compression in a ring clamp in which a 
transparent plexiglass cylinder covered by a translucent rubber diaphragm 
was applied to the surface of the ear (Fig i) This cylinder was connected 
to a pneumatic pressure system to allow compression of the ear to an arbitrary 
pressure of 200 mm Hg The spectral transmission of the bloodless and per- 
fused ear were calculated as percentage transmission as follows 


It 

% Transmission = — X 100 

r„ 


where It represents the recorded value of the transmitted light lo for the 
bloodless ear was taken as the phototube response at each wavelength without 
the ear m the optical path for the perfused or flushed ear was taken as the 
light transmitted at each wavelength by the bloodless ear 

The monochromator described above was also used to determine the spec- 
tral properties of various filters, photocells, and phototubes which have been 
employed in oximeters 

Expeumenfal oximeteis Various earpieces were constructed, using sele- 
nium photocells as the light sensitive elements and various Wratten red and 
infra-red filters to obtain a two-color system The breaker type amplifier 
described by Liston and associates,^^ .providing low input resistance, was used 
to amplify the output of the selenium photocells An Esterline-Angus 5 milh- 
ampere continuous ink wnter was used as a recorder The various impedances 
were properly matched so that the entire unit gave linear response to changes 
in intensity of the incident light Figure 2 illustrates this unit 

Ai tei tahzafton of eat blood Conventional methods of heating the ear by 
radiant heat from the light source were emploj'^ed In addition, a method of 
perfusing heated air over the ear was used to study the effects of such con- 
ducted heat (superimposed over the radiant heat of the light source) upon the 
arterialization of the ear blood Another method for arterialization utilized the 
local administration of histamine to the ear b)’’ electrophoresis as described by 
Matthes One cc of aqueous solution containing 2 75 mgm of histamine acid 
phosphate was placed on the positive electrode ( i cm x i cm in size and cov- 
ered with blotter paper) The positive electrode was applied to the ear, the 
negative electrode to the subject’s leg The current was slowlj’^ adjusted to 

* We are indebted to Mr Max D Liston of the Perkin-Elmer Corporation, Glen- 
brook, Connecticut, for the design, construction, and loan of the ear spectrophotometer 
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5 milhamperes at a rate governed by the subject’s comfort Too rapid a change 
m current produced slight dizziness, apparently due to stimulation of the ves- 
tibular apparatus Electrophoresis was continued at this current 2 5 minutes 
on each side of the ear A marked degree of arteiial flushing was produced 



Fig 2 — Recording oximeter Galvanic apparatus for hista- 
mine electrophoresis appears m upper part of photograph Oper- 
ator holds earpiece shown in insert in left hand and the positive 
electrode for electrophoresis at the ear in right hand 


and maintained undimimshed for two to four hours , enlargement and erythema 
at the site subsided after four to seven hours No untoward symptoms or 
residual effects were encountered with this method 


OBSERVATIONS 

Studies of the spectral transmission of bloodless ears of normal white male 
and female subjects revealed no interfering absorption bands of the tissue in 
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the si^ectral region between 5300 and 11,000 A Figure 3(A) shows a typical 
transmission spectrum of the bloodless ear of an adult white male This data 
was obtained from the cartilaginous helix of the ear Following determination 
of the bloodless transmission spectrum with the ear under pressure of 200 mm 
Hg , spectia were taken without applied pressure of the flushed ear while the 
subject breathed 100 per cent oxygen (curve B) and while the subject breathed 
10 per cent oxygen (curve C) 



Fig 3 — Transmission spectra of bloodless cartilaginous helix 
of normal adult white male (curve A) and of histamine flushed 
ear of the same subject breathing 100 per cent oxygen (curve 
B) and 10 per cent oxygen (curve C) A comparison of curve A 
with curves B and C suggests that some blood remains in the 
helix at a pressure of 200 mm Hg 


Transmission spectra of blood in the heated ear of a normal subject breath- 
ing air, 12 per cent oxygen, and too per cent oxygen are sho\\n in Figure 4 
Prior to these determinations the ear was heated by means of an infra-red 
lamp, and while the spectra were being taken a stream of hot air was perfused 
over the ear The heat was applied to the limit of tolerance This method of 
artenalizing the ear blood diftei s from the method used in oximetry in which 
radiant heat from the light source is employed The latter could not be used 
in experiments with monochromatic light The transmission in the red region 
was highest with the subject breathing 100 per cent oxygen, lowest with 12 per 
cent oxygen, and intermediate with air At approximately 7900 A the three 
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Fig 5 

Fig 4 — Tranismission of the heat flushed ear 
Fig 5 — Transmission of the histamine flushed ear 
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spectra were the same At longer wavelengths the highest transmission was 
obtained with the subject breathing 12 per cent oxygen, lowest with 100 per 
cent oxygen, and intermediate with air Grossly these spectra resemble those 
of oxyhemoglobin and reduced hemoglo'bm Comparison of tbe air curve with 


Arterial Oxygen Saturation Responses at 6,440 A (1), 7,890 and 10 , 16 O&CIII) 
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the 100 per cent oxygen and 12 per cent oxygen curves suggests that the ear 
blood was not completely arteriahzed The air curve should represent a satura- 
tion of 97 per cent, the oxygen curve 100 per cent, and the 12 per cent curve 
75 to 80 per cent Actually the air curve deviates inordinately from the oxygen 
curve and more closely approximates the 12 per cent curve 
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Further evidence for this interpretation was obtained m the same subject 
when the spectra were taken from the histamine flushed ear (Fig 5) Under 
these conditions the air cun^e reasonably approaches the icxd per cent oxygen 
curve and deviates markedly from the 12 per cent curve Thus, the histamine 
flushed ear contained blood more nearly arterial than did the heated ear A 
striking feature in the histamine spectra is the gi eater quantity of blood per unit 
of tissue as compared to the heat spectra This observation may be important 
in oximetry since a greatei percentage change in light transmission results 
from a given change in the saturation Theoretically, the greater the degree of 
vasodilatation, the more complete would be the arteriahzation, assuming no 
change in arteiial pressure The heat and histamine spectra illustrate the 
importance of complete arteriahzation of the ear blood in the oximeter meas- 
urement V ariable components of venous blood in the optical path would pro- 
duce error and defeat reproducibility 

Figure 6 indicates transmission values at fixed wavelengths Oxygen sat- 
uration was changed by allowing the subject to breathe various gas mixtures, 
hjqien^entilate, and hold his breath The wavelengths selected to measure the 
resulting transmission changes were (i ) in the red region (6440 A) to obtain 
large differences in light absorption between oxyhemoglobin and reduced hemo- 
globin, (2 ) in the near infra-red region (at 7900 A) to obtain identical absorp- 
tion between the pigments at their “crossover” point, and (3 ) in the infra-red 
region (10,160 A) to represent the reverse effect in absorption of the pigments 
at a wavelength longer than that of the “crossover” point In Curve I marked 
fluctuations in the transmission occurred with each respiratory cycle while 
the subject breathed 12 per cent oxygen When the subject breathed air the 
transmission value increased and reached equilibrium within 15 seconds 
Hyperventilation further increased the value and breath-holding produced a 
decrease Breathing air again duplicated the previous response A single 
inspiration of oxygen immediately followed by air breathing provided a tran- 
sient increase in the transmission The high sensitivity illustrated by this 
response has not been observed with conventional oximeters in this laboratory 
Upon changing from air to oxygen the transmission value again reached 
equilibrium within 1 5 seconds One breath of nitrogen followed by air breath- 
ing provided a very steep decrease in the transmission value These measure- 
ments suggest that higher sensitivity could be obtained in oximetry if the red 
transmission were measured in a narrow wavelength band taking optimal 
advantage of the difference m light absorption between oxyhemoglobin and 
reduced hemoglobin Actually in existing oximeters this measurement has been 
made using a very broad spectral band (6000 through 8400 A) which sacri- 
fices this advantage 

Curve II of Figure 6 (taken at 7900 A) indicated no significant changes 
in transmission when the subject breathed the same gas mixtures, hyperven- 
tilated, and held his breath as in the previous experiment (Curve I) This 
observation further confirmed this wavelength as a “crossover” point between 
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oxyhemoglobin and i educed hemoglobin It also indicated that undei the con- 
ditions of these experiments no significant changes occuried in the total hemo- 
globin content of the histamine flushed ear 

In Curve III of Figure 6 (taken at io,i6o A) the changes in light trans- 
mission produced by changes in arterial oxygen saturation were in opposite 
direction to the changes m transmission measured m the red legion (Cuive I) 
and of lesser magnitude 

Ideally, the two-color oximetei should provide measurements comparable to 
those shown m Curves I and II The red measurement should indicate the 
maximal differences between oxyhemoglobin and reduced hemoglobin, the 
infra-red measurement should measure total hemoglobin completely inde- 
pendent of the oxygen saturation 

Figure 7 shows the transmission of varied infia-red filters which have 
been used in the oximeter Since selenium photocells are relatively insensitive 
111 the infra-red region an S-i phototube was used for these determinations 
The Wratten 6iN filter was first used m the Millikan earpiece, Coleman sub- 
sequently substituted the Wratten 87 The modified oximeter of Wood and 
associates uses two thicknesses of Wiatten 88A for the infra-red cell With 
the selenium photocells used m this laboratoiy none of these filters provided an 
infra-red cell which was independent m output of changes m oxygen saturation 
Unfortunately there is considerable variability m near infra-red response of 
different photocells, so that a filtei affording the desired characteristics with 
one cell may not behave similaily with another Empirical trial of various filter 
combinations resulted m the selection of a combination of Wratten filters 
(No 87 m 3 layers and No 88 111 2 layers) which fulfilled the requirement of 
independence from changes m oxygen saturation The transmissions shown in 
Figure 7 show how the shoit wavelength “cutoff” of these filters is related to 
the crossover point of oxyhemoglobin and 1 educed hemoglobin Comparison 
of these curves with the spectral lesponse of a selenium photocell (Fig 8) 
indicates that shifting the filtei “cutoff” short of 8000 A would provide a 
greater photocell output at the expense of measuiing at the crossovei point 
Thus, infra-red filters providing a greater sensitivity with selenium photocells 
introduce the undesirable 1 espouses to changes m oxygen saturation Ideally 
the infra-red measurement should deal only with total hemoglobin 

Figure 8 compares the spectial response of a selenium photocell to that of 
the S-i phototube At 6500 A the relative responses of the two detectors are 
approximately equal, or 40 pei cent At 8000 A the selenium 1 espouse is only 
3 per cent and the phototube response is 75 per cent With some phototubes 
the response is 100 per cent at 8000 A The Wratten 29F filtei has been used 
for the red cell m all of the oximeters in this country There is ovei lapping 
between the spectral transmission of this filter and any of the infra-red filters 
The advantages of using an S-i phototube with better isolation of both the red 
and the infra-red measurements in oximetry appear promising 
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Figure 9 shows i ed and inf i a-i ed oximeter responses to changes in oxygen 
satuiation and to changes in eai hlood volume The latter were obtained by 
Valsalva maneuveis and by Muellei maneuveis, consisting of foiced expiiation 


Fig 7 

Transmission of Infrared Filters (Wrotten) 



Spectral Response of 

Selenium Photocell 


fwithout filter 

< with Wrotten 29F filter 
1 with Wrotten 87filter---- 


S-1 Phototube without filter 



Fig 8 

Fig 7 — Transmission of infra-red filters 

Fig 8 — Spectral lesponse of selenium photocell and S-i photo- 
tube 


and inspiration respectively with glottis closed The unit shown in Figuie 2 
was employed to amplify and record the responses of the led and infia-red 
cells Curve I was obtained with Wratten 8 / filter, changes in transmission 
with changes in oxygen saturation are apparent This efifect was excluded 
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when the filter combination previously described was used (Curve II) , how- 
ever, this unit fortunately retained a comparable sensitivity to changes in total 
hemoglobin 

Curves III, IV and V of Figuie 9 compare saturation responses of the 
red cell (Wratten 29F) when either heat or histamine was employed to arte- 
riahze the ear blood Curve III was obtained with a Millikan earpiece on the 
heated cartilaginous pinna Note the prolonged saturation time of 120 seconds 
when the subject changed from air to oxygen Curve IV was obtained with 
the earpiece illustrated in Figure 2 applied to the heated ear lobe Here the 
responses suggest that more arterial blood was present in the optical path 
since greater deflections occurred with changes m saturation Curve V was 
obtained with the same earpiece applied to the histamine flushed ear lobe of 
the same subject Remarkably rapid dynamics were recorded when the satura- 
tion was changed , these curves actually compared quite favorably with those 
obtained with the ear spectrophotometer (wavelength at 6440 A) The sat- 
uration time on changing from air to oxygen was 20 seconds The steep decrease 
m transmission (Curve V) with nitrogen breathing and the rapid return of 
the transmission to the previous air value bear a striking contrast to the 
Millikan measurements upon the heated ear 

Figure 10 compares the rapid desaturation responses obtained by a single 
maximal inspiration of helium measured with a red cell applied to either the 
heat flushed or the histamine flushed ear The breathing maneuver was that 
employed for the oximetric determination of cardiac output ® If the pulmonary 
mixing of the inspired helium reduces alveolar oxygen tension to that of the 
mixed venous blood, the oximeter value will reach a “plateau” lasting 6 to 10 
seconds, which is then terminated by recirculation The oximeter shown in 
Figure 2 was applied to the heated ear lobe of a normal subject Repeated 
attempts to obtain the "plateau” were unsuccessful , two of these records are 
shown in upper Figure 10 Upon completion of each trial when air was 
breathed the oximeter value did not return to the previous air normal value 
immediately but required at least two minutes These prolonged responses 
\\ ere not associated with periodic breathing following the period of hypoxemia 
These observations afford another criterion for the presence of venous blood 
at the site of measurement In comparison consecutive trials were all success- 
ful when the histamine flushed ear lobe of the same subject was the site of 
measurement (lower Figure 10) Moreover air breathing after each maneuver 
was followed by a return within ten seconds to the previous air transmission 
values Thus, the action of histamine had more completely arteriahzed the ear 
blood In this application of the oximeter this source of error is of prime 
importance 

Experiments for evaluating the effects of heat in artenalizing the ear blood 
may be summarized briefly An experimental earpiece was constructed which 
provided for two independent sources of heating A conventional Millikan 
oximeter light source was mounted in the earpiece so that it would be separated 
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Fig 9 


Infrared and Red Responses to Changes 
in Saturation and Blood Volume 
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from the proximal eai surface by 3 mm , this unit provided the radiant heat 
which has been employed in oximetry In addition the light source enclosure 
was converted into a system for circulating hot air over the proximal ear sur- 
face In other lespects the earpiece was similai to that described by Wood 
Bloodless and heat flushed ear transmission values were recorded in the red 
and infra-red by means of the unit shown m Figure 2 The oximetei output 
was calculated as the ratio of (log Ro — log R„) to (log IRo — log IRn)* as 
described by Wood ^ The earpiece was applied to the cartilaginous pinna of 
normal subjects, 15 minutes w^ere allowed after the light source was turned on 
to allow “thermal equilibrium” as evidenced by a constant reading in the infra- 
led value, and oxygen was breathed The decrease in oximeter output on 
changing from air to oxj'^gen was comparable to that obtained by Wood 
Additional heating of the ear was then started by means of the hot air per- 
fusion method A further decrease in the oximeter output was uniforml)' 
observed This change, indicating an apparent increase in oxygen saturation 
of the blood m the optical path, continued for approximately five minutes and 
then the value became stabilized Graded increases in the temperature of the 
perfused air over the ear produced further decreases in the oximeter output 
When this value had become stable for a given temperature the administration 
of oxygen consistently reduced the oximeter output below that obtained by 
air breathing Since this additional heating of the ear increased the arterializa- 
tion of the ear blood, it is apparent that the previous heating by the light 
source, per se, had not afforded complete arterialization 

DISCUSSION 

Evidence suggests that an absolute quantitative oximeter method may 
eventually be developed through the elimination of known sources of error 
and refinement of the measurements according to the principles of spectro- 
photometry The clinical value of an oximeter of this type justifies this devel- 
opment Original contributions to oximetry should be credited to Kramer^' 
and to Matthes^®’^^ Earlier studies by Nicolai-- dealt with the light trans- 
mission changes when tissue was occluded as a measure of the reduction time 
of oxyhemoglobin Kramer’s one-color unit, measuring transmission in the red 
1 egion, was designed to fit around the intact artery of the dog It consisted of 
a small tungsten light source, a selenium photocell, and a galvanometer He 
was able to obtain an agreement within i per cent of the saturation values 
determined by chemical analysis Matthes-^ modified the method for determin- 
ations upon the transilluminated human ear and added a second measurement 
in the near infra-red to provide an index of changes in total hemoglobin in the 
optical path His device consisted of a light source, a selenium photocell and 
galvanometer for the red measurement, and a phototube and galvanometer 

'■ Rg and IR^ represent the red and infra-red bloodless transmission values, 
respectively 

R„ and IR„ represent the red and infra-red “normally flushed” transmission values, 
respectively 
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for the infra-red measuiement Subsequent modifications of the oximeter 
have incorporated this two-color piinciple 

Goldie-* introduced the coirection factor for the light absorption contrib- 
uted by the bloodless eai tissue The latter was measured by occluding the 
ear tissue with a movable transparent plunger m the earpiece His was the 
only instrument to be desciibed m wdiich the indicated oximeter value repre- 
sented the latio of (log Ro — log R„) to (log IRq — log IR,,) The latter cal- 
culation w'as perfoimed as a function of electrical ciicuit and a specially 
devised ratiometer 

jMilhkan’s oximetei-'* indicated the saturation value as a simple difiference 
between the red and infra-red transmissions, (R„ — IR„) The log-ratio 
relationship was abandoned to obtain a simple qualitative instrument for use 
in altitude ph}siolog}’’ Preliminary adjustment of the oximeter value to that 
estimated by the operator limited the clinical usefulness of Millikan’s device 
In patients with arterial hypoxemia, repeated sampling of the arterial blood 
for chemical analysis w'as necessary Without these cahbiations for each pro- 
cedure the Millikan oximeter served merely to indicate changes m the patient’s 
arterial oxygen saturation Hemingw'a)'- and Taylor-'’ adapted the Millikan 
instrument for continuous ink recoiding by means of an amphfier^®^ and 
recorder similar to that previously described (Fig 2) The oxyhemograph 
of Haitman, Behrmann, and Chapman-** is a similar recording instrument 
These modifications differ from the original Millikan device primarily m the 
means used for recording the oximeter value 

The recent w'ork of Wood and associates-’ -' has revived the bloodless ear 
tissue correction and the log-ratio relationship employed by Goldie Their 
w'ork represents the first major attempt to make the oximeter measurement an 
absolute determination, permitting estimation w'lthin ±; 5 per cent of a patient’s 
arterial oxygen saturation, regardless of the degree of arterial hypoxemia 
The evidence of the reliability of their modified oximeter, based on extensive 
Van Slyke calibrations, suggests that this approach is valid, and that further 
refinement in the method should lead to higher accuracy 

The studies now in progress w Inch have been described m this preliminary 
paper represent the first attempt to evaluate the problems m oximetry by 
means of spectrophotometry On the basis of these data the selection of 
optimal w’avelengths for the red and near infra-red oximeter measurements 
may be made The spectra of the ear 1 eveal no interfering bands of absorption 
due to tissue m these regions The use of monochromatic light in the spurce 
would appear to offer a greater degree of sensitivity Although the mathe- 
matical relationship, w’hich appears to be valid, relating the light transmission 
measurements to the oxygen saturation is somew'hat complex, it would offer a 
great convenience m the clinical oximeter to perform this calculation by means 
of an electronic circuit Improved components for the instrument which require 

Calibrations in this laboratory of a two-color oximeter similar to that of Woqd and 
Geraci^’’ have shown a comparable degree of accuracy 
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development may resolve the colorimetric oximeter into an essentially spectro- 
photometric apparatus 

Failure to obtain complete arterialization of the eai blood represents a major 
source of error and variability This factor may involve more than an optimal 
degree of vasodilatation if the application of the earpiece is such that blood is 
trapped within the optical path It would appear that both inadequate 
arterialization of the ear blood and a limitation of blood flow across the optical 
path contribute to the prolonged saturation dynamics obtained with the Millikan 
earpiece Thus, the saturation time when normal subjects change from air to 
oxygen has been reported by Fowler and Comroe® to average 120 seconds 
This agrees with the observations in this laborator)^ when the Millikan 
oximeter was used Wood, Taylor, and Knutson^® have reported an average 
of 46 seconds for the saturation time, using the modified oximeter As indi- 
cated in this paper this response is of the order of 15 to 30 seconds when the 
measurement is made upon the histamine flushed ear In applications of the 
oximeter which relate to the dynamics of gas exchange in the lungs it is of 
prime importance to obtain arterialization of the ear blood 

Recently Wood and associates®’ have leported evidence that the heating 
technic employed m the modified oximeter earpiece does afford arterialization 
of the ear blood Since the degree of heating m this unit is comparable to that 
obtained with the Millikan earpiece it would appear that some additional fea- 
ture m the method of W ood excludes the venous blood from the optical path 
The application of the earpiece to the ear at considerable pressure and the 
initial exclusion of all blood from the optical path by inflation of the pressure 
capsule may well eliminate the venous component It should be pointed out 
that the entire ear is not heated by the light source, so that the blood from 
adjacent unheated capillaries which is drained by large veins traversing the 
optical path is apparently the non-arterialized blood m question Observations 
described above indicate that the use of heat to arteriahze the ear blood is sub- 
ject to variability greater than that encountered when histamine electrophoresis 
IS employed If heat is to be employed m oximetry, more data are required to 
determine the critical threshold for optimal arterialization Establishing a 
standardized technic m this regard is essential Histamine electrophoresis 
offers the advantages of a more stable local vasomotor state and an increased 
amount of blood per unit of tissue The latter factor provides a greater meas- 
urable change m light transmission with a given change in the arterial oxygen 
saturation 

Among other potential sources of error which have not been evaluated is 
the way in which the two photocells are mounted m the earpiece In both the 
Millikan and Wood earpiece the red cell is a narrow central area on either 
side of which the larger infra-red cells are placed Whether both cells can r leu 
the same sample of blood and ear tissue in the optical path is questionable 

* Comparison of heat and histamine arterialization reported recently by Wood and 
colleagues has not indicated a significant difference m the two methods 
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The fact that the vascularization of the cartilaginous pinna is not one of fine 
homogeneity further suggests that this factor deserves attention Another 
source of error which may be eliminated is the variability in red and infra-red 
energy emission due to changes m the voltage applied to the light source 
Critical control of lamp voltage to maintain a constant filament temperature is 
important 

The development of a quantitative oximeter is, of necessity, a long range 
program Construction of impioved miniature components for the earpiece 
providing the ideal spectral characteristics is a project in itself Progress has 
been made in the electronic calculating circuit to permit the recording of the 
saturation value representing the ratio of (log Rq — log Rn) to (log IRo — 
log IRn) Finall}, extensive and time-consuming calibrations must be per- 
formed to determine the limits of accuracy of a new oximeter 
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Discussion — Dr John H Gibbon, Jr, Philadelphia, Pa I assume that a good 
many of you, like myself, have felt a little at a loss concerning some of these curves of 
the wave length of light However, I think the work that Dr Elam has done is \er} 
valuable 

We have been trying to improve upon the Millikan oximeter, which is now available 
Dr kliller, of our department, has constructed an oximeter which differs from the Milli- 
kan and which we think is better We have used this instrument m some 20 intra- 
thoracic operations Because the patients are breathing a mixture of pure ether and oxj- 
gen, we find that their blood is completely saturated with oxvgen during the course of 
the operation, and we find the instrument of little clinical value except in the induction 
phase of the anesthesia when the saturation may drop off and also in the immediate 
postoperative period when the anesthesia is discontinued 

Thus, immediately preceding the anesthetic and in the immediate post-anesthetic 
phase, I think the oximeter, particularly these improved models which Elam and others 
may develop, may be of considerable importance 

I hope they wall be able to develop one wdnch gives a linear deflection of the writing 
point wath changes in saturation, instead of a larger deflection of the writing point as 
the upper limits of saturation are reached 

I assume Dr Elam has checked the plateau, observed wdien breathing helium, bi a 
catheter introduced into the right auricle directly measuring the saturation of the mixed 
venous blood I assume he did not have an opportunity to tell us about that 
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Anothei difficulty which we have encounteied in the use of the oximeter has been 
that deflections occui when the patient’s position is shifted on the operating table When 
a patient is shifted from the hoiizontal to the head-down position a considerable deflec- 
tion of the wilting point occui s, which is unfoitunate 

If we could develop an instiument which would continuously record the CO2 tension 
of the arteiial blood, we would have something much moic valuable Unfortunately, the 
phvsicists don’t seem to be able to produce such an instrument 

Du Tamfs O Ei am, St Louis, Mo A linear oximetei scale would be more con- 
venient for accurate reading, pai ticulai ly 111 the lower satuiation lange The ahnearity 
of the Alilhkan compensating circuit oximeter is a result of taking a simple difference 
between the red and mfraied tiansmission values This relationship gives a range from 
90 to 100 per cent saturation, which is approximately three times that between 50 and 
60 pel cent saturation An electronic ciicuit foi computing the logarithms of the red and 
infiared ^alues and then taking their ratio would probably provide a scale for the 
oximeter that would be linear This complex ciicuit may not be practical for general 
clinical use Recently we have obtained evidence that a simplified ciicuit might be useful 
111 providing an oximeter scale which is approximately lineai 

Right heart catiieteiization studies to confirm the validity of the oximeter value for 
the mixed venous blood have been postponed until the accuiacy of the oximeter would 
make such an valuation worthwhile Di Earl Wood of tlie Mayo Clinic has obtained 
evidence that the ear oximeter value during the “plateau” of the cardiac output deter- 
mination IS duplicated by measuiemcnts made simultaneously w’lth a w'hole blood oximeter 
coupled to the radial ai tei v This method is theoretically valid only when a definite plateau 
is recorded within one circulation tune followung the inspiration of helium When this 
does occur, one must assume that mixed venous blood is pei fusing the lungs without 
change m oxvgen content 

We have also obser\ed the oximeter responses to changes m posture to which Dr 
Gibbon referred With the Millikan instrument these effects may be artifacts due to 
slippage of the earpiece or to actual changes in the amount of venous blood m the ear 
at the site of measuiement In severe caidiac patients such i espouses may be real With 
our present technic m wdneh histamine is used to arteriahze the ear blood, changes m 
posture of normal subjects does not produce these oximeter 1 espouses It should be pos- 
sible wuth the improved oximetcis now' m development, to inteipret these effects, when 
they are observed m patients, w'lth greater assuiance that one is not dealing w'lth in- 
strumental artifacts 
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The weapons of modern warfare have produced a thermal lesion from 
a very brief exposure to radiant heat of high intensity that has been called a 
"flash burn ” This was first encountered in a mass form during the bombing 
of Pearl Harbor in December 1941 Eckert and Mader,® writing of the 
casualties from this say "only exposed surfaces were burned, even an under- 
shirt or shorts appeared sufficient to prevent areas covered from being 
burned ” No third degree burns were seen The armed forces continued to 
encounter the flash burn throughout the war, but it was not until the Japanese 
casualties of the atomic bomb explosions at Hiroshima and Nagasaki were 
studied that the tremendous implications of the problem became apparent 
Burns of all degrees of severity were observed there 

LeRoy^® estimated that of the atomic bomb casualties in Japan 65 to 
85 per cent were burned, 70 per cent sustained wounds, and over 30 per cent 
had irradiation injury Others have estimated that over three-fourths of the 
casualties were from mechanical or thermal injuries Those near the center 
of the explosion were, to use the words of Parsons,^^ "killed three times” by 
blast, heat, and irradiation But the injurious effects of the blast and heat 
extended beyond that of the irradiation, hence the larger number of casualties 
which they created The heat producing these burns was tremendous, and 
some individuals 2 5 miles (3 Km ) from the center of the explosion were 
sufficiently burned to require treatment The sequelae were many and pro- 
longed^® and the incidence of keloids was high ^ 

The physical mechanism producing these high intensity burns is quite 
unlike that causing the ordinary burn seen in civil life It is reasonable to 
suppose that its effect upon the organism will also differ, and that the local 
lesion, clinical course, and prognosis will not be the same A thorough search 
of past literature, a survey of work done under OSRD contracts, a review of 
current work on burns, and personal inquiry, indicate that this problem has 
not received adequate attention, either from a basic or clinical standpoint 
The clinical problem of the management of thousands of severely burned 
casualties is enormous We have recently seen how a few hundred burn cases 
strained the medical facilities of Hartford or Boston Imagine this situation 
multiplied 200 times I Obviously, the methods used in present practice are too 

* This paper is based on work performed under contract with the United States 
Atomic Energy Commission at The University of Rochester Atomic Energy Project, 
Rochester, New York Read before the American Surgical Association, St Louis, Mo, 
April 22, 1949 
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elaborate, for they would have lequired at Hiroshima trained medical person- 
nel m excess of the population of New Haven, mateiials and supplies greater 
than the gross tonnage of a Libei ty Ship , and tank cars of blood In the 
solution of this baffling clinical pioblem it appeals obligatory first to know 
the chai actei istics and efiects of "flash burns ” What do they do to the skin? 
How do they aftect the organism, and how can this effect be modified ? What 
IS their clinical couise and how can it be alteied by tieatment? How lethal 
are they and what factois influence their moitahty? To try to answer these 
and other questions one must produce and study the lesion experimentally 
This report deals with laboratoiy methods of creating “flash burns” and the 
lesions produced 


REVIEW 

Experimental bums have been produced by many individuals m as many 
different ways Leach, Peters and Rossiter^’* caused a very satisfactory 
experimental, model ate temperature bum, using a vessel through which water 
of a known tempeiature cii ciliated They found that an application of 70 to 
80° C of onl}^ 10 to 20 seconds duiation pioduced severe “scabbing” Inter- 
vening temperatuie and exposuie times pioduced roughly proportional injury 
Microscopic examination of the tissues showed degrees of cellular disintegra- 
tion, with mild burns and heat coagulation with the more intense ones Among 
other conclusions they found that severity of the bum was dependent on the 
dwatwn and the intensity of the stimulus 

In amplification of this woik, Mendelsohn and Rossiter^^ made sub- 
cutaneous tempeiature determinations, using a copper-constantan thermo- 
couple The} found that a rathei prolonged exposure of 45 to 60° C was 
required to elevate the subcutaneous temperature The temperature rose 
rapidly in the first two minutes, then levelled oft gradually at four minutes, 
dropping slowly after the discontinuance of the burning iron application to 
nearly a normal range m the next six minutes They made an excellent 
histopathologic study of cutaneous thermal injury m the guinea pig 

Working along the same lines, but with more adaptable equipment, Henri- 
ques and Moritz^^ sought to define the physical factors determining the trans- 
fer of heat energy through the skin It was found that the caloric up-take 
rate of the skin, as measured by thermocouples at the dermis-fat interface, 
during the first o 2 minute was about six-fold greater than the average 
caloric up-take duimg the ensuing 7 to 10 minutes Maintenance of the skin 
surface for five minutes at 45° C resulted m heat saturation of the dermis 
However, with skin surface temperatuies of 50 to 70" C, edema fluid accumu- 
lated at the deimis-fat interface, thus cooling the deimis within and decreas- 
ing the effective thermal conductivity by some 15 per cent The epidermis. 
It was calculated, became heat saturated within o 5 to 10 minutes heat expos- 
ure, when brought immediately to the desired temperature at the surface 
The further establishment of the importance of time -temper at ui e relation- 
ship was developed m the comparative study of burns on human and pig 
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skin Using transepidermal necrosis as an end point, it was found that 44“ 
C for SIX hours would produce an effect similar to 51" C for two to si\ 
minutes When the surface tempeiatuie was lower than 44” C, there was a 
rapid decrease 111 the rate at which burning occurred, and the time-temperature 
curve was found to be as3miptotic m the direction of the time axis Ho-wever, 
wheti the surface temperature w^as greatei than 51” C, the exposure time was 
so short that during most or all of it the deeper layers w^ere m the process ot 
being brought to, rather than being maintained at, a state of thermal equilib- 
rium with the surface Thus the time-temperature curve above 51° C was 
found to be asymptotic in the direction of the temperature axis 

Moritz^® m studying the pathogenesis of cutaneous burns, concluded that 
the quantitative results of a short exposure of high intensity might be similar 
to those of a long exposure of low intensity However there were likely to be 
qualitative differences Hyperthermia of high intensity resulted in a coagula- 
tive type of necrosis, in which the dead tissue was not autolyzed but rather 
disposed of by sequestration, while that of low intensity resulted in a 
noncDagulative type of necrosis, the dead tissue being autolyzed and readily 
susceptible to organization It was possible, by using intense exposures of 
around o 5 second duration, to carbonize the superficial shreds of stratum 
corneum without causing sufficient subsurface rise in temperature to damage 
the basal layers of epithelial cells, or to cause perceptible vascular reaction 
Again, protracted vascular reactions were noted, wuthout noticeable harm to 
the epidermis 

The findings of Hemiques, Moritz et al are fundamental for any study 
of thermal injury The demonstration of the time-temperature relationship 
and its importance m the production of different types of burns, forms a 
foundation for the further study of these types of burns The observation was 
made that so brief an exposure to flame temperature is required to raise the 
epidermal-dermal junction to “cell-killing” level, that anything capable of 
impeding heat transfer to the skin, “would be sufficient to make the difference 
between buining and absence thereof ” Even a thin film of moisture on the 
surface of the skin would be sufficient to prevent a burn at near threshold 
levels The continuation of this investigation will in effect be the extension 
of the curve (Fig i) towards the time axis, and aw^ay from the temperatuie 
axis 


METHODS 

A flash source must have the characteristics to produce burns, and yet be 
controllable, and accurately measurable It seemed that at least the following 
cntet-ia should be met to produce an ideal flash 

1 Transient duration on the order of o i second 

2 Extremely high intensity, of a known and possibly vaiiable nature 

3 A known or obtainable spectral distribution 

4 Safety and convenience of handling 
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The complicated naluie of heat tiansmission makes it more practical 
to produce the bin n by i adiant heat This also simulates field conditions So 
attempts have been made to eliminate flame, oi diiect contact sources, pci sc 
By confining the heat tiansmission to ladiation alone, an accurate knowledge 
of the spectial distiibution of the souice is lequired, as well as its emissivity 
m its flashing state Since the skin can be considered as behaving in the same 
mannei as a peifect black body at 300°K,^‘' absoiption of ladiations from such 
a souicc can be consideicd to be complete 



Fig I — The curve of time-temperature thresholds of epi- 
dermal injury has been drawn from Hennques’ results to include 
the “flash burn” range which is under investigation Physical 
measurements in this ai ea are difficult, but in general the expei i- 
mental data obtained confirms that derived from computation 

Accoidingly, a search foi possible sources was begun The agents tiled 
are listed m Table I Measurements of the duration, intensity and spectia 
of the various agents were gathered largely from the literature Measure- 
ments under the experimental conditions are being made Three general 
principles were tried (a) the release of electrical energy from a bank of 
condensers to create a flash, (b) the creation of a constant high intensity 
source which is directed upon the target foi known intervals by means of a 
shutter or trip mechanism, and (c) the use of substances that burn rapidly 
with an intense flame (See Table I) 

Anderson in 1919^ described a method of exploding or burning a coppei 
wire placed between two electrodes which were connected to a bank of con- 
densers Edgerton'^ used a similar ariangement for testing xenon photo- 
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Table I — A Summary of Vanous Sources, Their Physical Chaiacteiistics, Effectiveness 

and Complications 


Source 

Duration 

Seconds 

Approximate 
Temperature C 

Burn 

Produced 

Complication 

(FTt4) Electric discharge 
(xenon filled) 

Flash tube’ 

0 002 

6300 

None 

Unable to focus energj 

Exploding wire' 

0 00001 

20 000 

None 

Unable to focus energj 
Too brief 

Blast wave 

Thermite^ 

Variable 

3500 

Not tried 

Spatter 

Low intensity 

Handling difficulty 

Gun powder’ 

To 1 0 

3000 

Failed 

Low intensity [radiation 

Mdgnesium’3 

0 36 

3500 

Severe 

Smoke 

Carbon arc'’ 

Constant 

4000 

Severe 

(Constant) 

Small area burn 
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graphic flash tubes Our condensers had a capacity of 64 microfarads and 
were charged to 25,000 volts (Fig 2) Neither of these methods caused- 
burning The exploding wiie geneiates temperatures in the range of 15,000 
to 20,000° C, but this is so tiansient, in the order of 0 00001 sec , that injury 
does not occur The inability to focus this energy and the blast wave produced 
are additional disadvantages The Edgerton xenon filled flash tube produces 
approximately 6300° C m o 002 sec with 10,000 volts at about 16 microfarads 
Efforts to magnify this by using 20,000 volts with 32 microfarads resulted in 
blowing out the flash tube Burning b}'^ an electiical arc jumping across a 
gap was not tried Flash burns are occasionally caused by means of an arc m 
the electric power mdustr)' but the intensities are greater than those produced 
m the laboratory 

Archimedes, by burning the fleet of Marcellus,'* demonstiated the possi- 
bility of focusing heat with a concave reflector Using this principle, the 
energ) from a carbon arc source could be brought to a focal point and the 
intensity, here 4000° C, largely reproduced A timing device must then be 
added to the apparatus to limit the exposure We have used a rotary type 
shutter as shown m Figure 6, or a car carrying the animal across the focal 
point at a known late The former method gives a “spot” burn whereas 
the latter results in a strip of burned skin acioss the side of the animal This 
is a relatively precise method, capable of being controlled, which is very useful 
in observing the local changes produced but has the disadvantage of injuring 
only a relatively small area of the total body surface 

A variety of substances that burn quickly wnlh a hot flame were consid- 
ered, of wdnch gun pow^der, thermite, 100 octane gasoline and magnesium 
w^ere studied The assistance of the Ordnance branch of the Department 
of the Army w^as sought, and several arsenals w'^eie visited Plants of the 
photographic industry, and the electrical industry dealing with illumination 
were also visited To date, magnesium has been found to be the best source 
of this type It is much more easily controlled and handled than others, gives 
a high intensity m a short time and has as its only disadvantage the productipn 
of smoke We have detonated as much as three pounds of magnesium powder 
without disaster A contrasting example is thermite, which causes extreme 
spatter of hot particles (Fig 3), giving contact burns that confuse the experi- 
ment It IS also dangerous and difficult to handle ^ . 

Fauley and Ivy® devised a small brass cannon, which would spark fire 
aliquots of o 5 Gm of magnesium at “targets,” such as filter paper, rabbit 
skin, and the forearms of human subjects At a distance of 24 cm from the 
maw of the cannon the tempeiature was estimated n.t 1,000 to 1,-500° C, whilje 
at the mouth of the device it was about 2,600° C An undershirt served to 

I 

protect the skin against the burn, and an ointment of 50 per cent titanium 
dioxide prevented the flash burn 

We used a standard photographic flash powder, practically pure mag- 


* We are indebted to Dr Rudolph Langer for assistance with thia apparatus 
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Fig 3 Fig 4 

Fig 3 — Buining thermite, with 01 without magnesium added, results in wide- 
spread dissemination of molten iron particles which complicate the experiment bv 
contact burns Thermite is also difficult and dangerous to handle, has a relatnelv 
slow rate of combustion and is not a suitable source for producing flash burns 
Fig 4 — The early stage (about 1/30 sec ) of burning magnesium showing the 
shape of the flame The transformer igniter and shielded box containing the anesthe- 
tized experimental animal are also shown 


nesmm Vanous methods of fixing weie tried, the most dependable being 
a high tension electric spaik resulting fiom iio v, 60 C3xle AC current 
being passed thiough a GE type K 916 x-raj^ tiansformer, connected in series 
with a lesistance cod used as a ballast It was necessary to do most of the 
firing m the open, because of the large amount of smoke generated by the 




Fig 5 — A later stage of burning mag- 
nesium which demonstrates the "size of the 
flame and the smoke produced Magnesium is 
a satisfactory source to produce flasl: burns 


combustion of the agent 

High speed motion pictures were 
taken of the flash, from which the 
duration was computed For 124 
Gm the flash duration was about 
o 338 second (Figs 4 and 5) From 
these same films it was found that 
wdien the magnesium w^as burned on 
a flat surface of fii e-resistant mate- 
rial, the flame and flash seemed to 
spread diffusely in a hemisphere 
about the source How^ever wdien 
it was placed 111 a saucepan, with 
iipw^ard sloping walls, the flame was 
seen to go up at an angle correspond- 
ing to the angle of the pan edge 
Preliminary studies of the flash 
duratioii made wuth a phototube 
pick-up device lecorded on a cath- 
ode-ray oscilloscope, paralleled the 
motion incture findings Radiation 
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calorimetric studies using vaiious black-body receptors as well as indicators, 
are in the phase of development 

Fiom the woik of iMoiitz, ct aP^ the swine was shown to have 'a skin 
very similar in structuie and physiologic leaction to that of the human 
being Theiefoie, the pig was chosen as the standard experimental animal, 
though some experiments have been done on dogs, rats and rabbits Young 
Chestei white pigs weie chosen, about two months old, with weights of 8 toT 5 



Fig 6 — A 24-inch Army carbon arc searchlight is directed at a concave 
reflector which brings the focal point into the range of a high speed, electrically 
controlled, flash producing shutter A car can also be used to traverse the focal 
point at a known rate 

Kg These were well anesthetized with veterinary nembutal given intra- 
peritoneally, or intravenously into the snpeiior vena cava ^ One side of the 
animal was closely clipped The clipped animals were placed in a box, one 
side of which contained perforations Through these perforations a variable 
area of the lateral surface of the pig was exposed This surface contained 
skin of approximately the same thickness, and was fairly smooth The dis- 
tance and the amount of magnesium were varied at first but later a standard 
experiment was set up in which 124 Gm of magnesium was used with the 
box at 30 cm from the source 
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Immediately after the flash the burns were observed, measured and photo- 
graphed with 35 mm Kodachrome, panchromatic, or infra-red film The 
areas were biopsied at various periods of time, ranging from one hour to 
two weeks , special emphasis being placed on the i, 6, 12, 24, 48, and 72 hour 
periods Usually no more than one biopsy was taken from each burn and it 
was so taken as to include a generous portion of normal skin on either side 
The sections were fixed in Bourns solution and stained with hematoxylin 
and eosin Ninety burns have been studied in this way 

The burns received no treatment The animals were kept on their diets 
of commercial pig feed throughout If one died as a result of anesthesia 
(which was often the case early m the work), a complete autopsy was done, 
including histologic examination of all burned areas 



Fig 7 — Small circular burns produced immediately after exposure to 124 Gni 
of burning magnesium at 30 cm These occur through 3 5 cm holes bored in the 
side of the animal box “ 


RESULTS 

Theoretically, the rapid exposure to intense radiant heat should change 
the histologic picture, for there is not time for reflex vasodihtation from 
warming nor from the axone reflex This prevents the cooling effect of 
blood in dilated capillaries The rapidity of the injury should not allow 
lateral diffusion of heat, so making the margins abrupt This same speed 
might also prevent the cooling at the dermis-fat interface, thus allowing 
deeper penetration In general these theoretical considerations were con- 
firmed by observation 

The seventy of the burns produced varied with the distance of the skin 
from the source, the amount of energy used, and the anatomical location of 
the burn area In the pig the mild lesions were characterized by an erythema 
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which developed within the first few houis, deepening in color, and becoming 
tan or brown over the next few days, and finally disappeaiing within a week 
with perhaps a fine scaling of the surface 

The moderately seveie lesions demonstrate a peripheial flare This flare 
subsides within one hour, leaving a img of erythema about a cential gray- 
\\ hite area of dry, cutaneous neci osis The erythema again deepens in color, 
subsiding within a week The central area also deepens in coloi and becomes 
thickened and laised by 24 hours The edema leaches its peak by 48 hours. 



Fig 8 — A burn lo 5 x 15 0 cm m size produced through a larger port in the animal 
box by burning 124 Gm of magnesium at 30 cm distance 


then subsides, giving way to induration and later to a flat, brown crust cover- 
ing the burn (Figs 7 and 8) The crust remains adherent to hairs which 
have grown out, but it finally drops off in seven to ten days Occasionally, 
vesicles are present in the central necrotic area immediately after the burn, 
or the epidermis may be separated entirely, leaving a raw dermal surface 
exposed 

Histologically, the flash burn presents several interesting features not 
noted in the moderate temperature burn The common type (moderately 
severe, produced by 124 Gm of magnesium burned at 30 cm from the 
skin) presents a shredded stratum corneum The epidermal transition from 
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burned to normal epithelium is abrupt (Fig 9) and often accompanied by 
epidermal-dermal separation at the line of juncture The unburned epidermis 
IS basophilic, the cells of normal architecture (Fig 10), and immecliateh 
adjacent, the burned cells are eosinophilic, present nuclear pyknosis and 
cytoplasmic vacuolation The burned cells run the gamut of types described 
by Leach Peters and Rossiter V arious degrees of dermal-epidermal separa- 
tion are present throughout, with attachment by elongated tono-fibnls in some 
areas A similar abrupt demarcation of burned from normal epithelium is 
seen in the skin crypts and the hair follicles with deeper injury The dermis 
reflects the depth of the penetration by a coagulation of the fibrils, with some 
fragmentation appearing later These changes are less striking, and so are 
harder to detect 



Fig 9 — Biopsy immediately after burning which shows the abrupt lateral dehneat'on 
of the injured epidermis and epidermal-dermal detachment x 6s 
Fig 10 — Biopsy 12 hours after exposure showing sharp horizontal demarcation 
through a hair follicle and mild upper dermal coagulation X65 

In the sections, the edema is manifested by a loosening of the dermal 
collagen fibrils, this appearing about six hours after burning Polymorpho- 
nuclear leukocytic infiltration appears simultaneously By 24 to 48 hours, both 
phenomena are at a maximum, fading off thereafter, to disappear entirely in 
the milder lesion by the fifth day 

Healing is fairly rapid in the pig in the mild and moderately severe burns 
Re-epitheliahzation begins at 48 hours and generates from surviving epithe- 
lium of hair follicles, crypts and lateral margins It is completed by ten days 
The thermally damaged epithelium is undercut by the growing epithelium 
and the former shed as a dense sequestrum This eschar remains, covering 
the lesion, several days after complete re-epitheliahzation has occurred On!} 
rarely was granulation seen in the experiments 

In the more severe transcutaneous burns, demarcation is not as marked 
laterally'’ or in depth The epidermis, dermis and underlynng fat have a fixed 
coagulated appearance The characteristic leukocytic boundary' and healing 
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by granulation seen in lowei lempeialuie bums ale piesent in this degree of 
flash burn It is oui impression that if the injuiy penetrates deeply, its hori- 
zontal natuie may destioy all epithelium in ciypts and hair follicles, leaving 
no epithelial islands for legeneiation 

DISCUSSION 

The sevent}'- of the flash bum is a rough index of the intensity of the 
burning stimulus, and as such, is governed by the laws of energy transfei 
Severity vanes mveisel}'- as the square of the distance of the skin surface 
from the souice It vanes also with the intensity of the source, the thickness 
of the skin and with the cuivature of the cutaneous target exposed to 
the source 

The most striking chaiacteiistics of experimental flash burns are found 
in the histologic pictuie Most lemaikable is the abrupt and diagrammatic 
demarcation betw een burned and normal skm The normal, basophilic epider- 
mal cells change, on a straight line, to the acidophilic burned cells which have 
all the charactei istics of thermal mjuiy In the deepei skin this demarcation is 
at the bum border, m the crypts and hair follicles It is present m the dermis 
but IS less easily demonstrated Theie is no gradual transition zone from 
nonnal cells to bum cells as desciibed by Leach, Peters and Rossiter, and 
Moritz in the modeiate temperatuie, long duration burns Moritz^® noted 
the phenomenon of demai cation on a few occasions when his animals were 
subjected to high temperatuies for biief exposuies 

Another chaiacteristic of the flash burn is the method of healing The 
burned epithelium and dermis repiesents a coagulative “fixed" type of 
necrosis, with eschar formation and subsequent sequestration, rather than the 
organization m the non-coagulative necrotic tissue of the moderate tempera- 
ture burn With a flash burn of aveiage seventy the epithelium grows out 
freely (and indeed beautifully) fiom normal borders and hair follicles, 
beneath the unorganized eschar, so that healing is rapid Yet if the area is 
large and the mjur)’^ deep enough to destroy the epithelium in the crypts and 
hair follicles, then this characteristic of demai cation will result m delayed 
repair from lack of epithelial islands 

The demarcation seen is probably a function of the rapid transcutaneous 
heat transfer This process is most difficult to measure It is relatively easy 
to compute the energy of the source, but much hardei to record that deliveied 
on the target Physicists have told us it is practically impossible to measure 
the penetration of that energy into the skm The transfer is so brief that the 
lag m ordinary mstiuments prevents recoiding Yet it is felt that efforts 
should be continued to measure the heat penetration at various levels, for it 
is desirable in an understanding of the physiologic and pathologic changes 
created Some of the work done on burns m the past is difficult to evaluate 
because of the lack of such precise physical measurements 

The studies on the effect of flash burns are being continued This report 
is limited to the lesion produced m pig skm The observations on the histo- 
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patholog}^ and healing of severe trans-dermal burns are incomplete and aie 
being extended The influence on the healing process of anemia, infection, 
hypoprotenemia and ionizing irradiation will be studied There is much that 
remains to be done Yet at present we feel that the short exposure of high 
intensity heat causes differences, both histologic and reparative, from those 
seen m moderate temperature burns Whether or not this will alter the 
systemic effect of the bum on the organisms remains to be seen 

smiMARY 

1 Methods are described which produce a short exposure of high inten- 
sity radiant heat capable of ci eating a flash burn 

2 Observations on the gross and histologic changes in the skin of pigs 
injured by flash burns indicate that the lesion is dissimilar from the ordinary 
moderate intensity burn 

3 The healing process m flash burns is not the same as that m moderate 
temperature burns 

4 It IS felt that the differences noted are intimately related to the physical 
tiansfer of heat through the cutaneous layers 

5 It IS planned to extend these observations to study of the many vari- 
ables which may alter not only the local changes but also the systemic effects 
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Discussion- — Du Exfkitt Inius E\ \xs, Richmond, Va The paper by Di Pearse 
and his associates is timely and mipoitant The importance lies in the fact that he has 
developed a method w’hich pioduces a flash burn w’hicli in many ways simulates the burn 
caused bj explosion of an atomic bomb, that is, a burn caused by a vast burst of energy 
of very short duration but enormous mtensiti 

The local pathologic effects on the skin appear to be different than heat of lower 
degree, but it remains for future study to determine how much and 111 what sense are 
altered the metabolic effects by tins particular tj'pe of theinial injury 

(Slide) You can see from this slide that radiation injury accounted for not much 
more than 15 per cent of the casualties at Hiioshima 

The chief importance of Dr Pearse's presentation to this surgical group mav be 
that he has placed 111 a proper light, I think, the true nature of the atomic bomb effects 
on civilian and military personnel 

As far as recent publications and public discussions show, the chief interest, medicallj 
speaking, in the new bomb has been the radiation hazard This may be tiue because to 
most of us this hazard is bizarre and mysterious We fear most what we undei stand 
the least I w'ould be the last to deprecate the radiation hazard imposed by this new 
bomb, but even superficial analysis of the lethal effects of its use at Hiroshima and 
Nagasaki w'lll show that a greater number of persons died from thermal injury than 
from radiation injury 

The surgical significance of this fact has not been stressed properly It is important 
because it is in the group of persons suffering from major thermal but minor radiation 
injury (that is, outside the two kilometer zone) that most of the salvageable will be 
found, if proper research and proper preparation is made for the care of these casualties 
What does this proper research and proper preparation entaiP This is mentioned here 
because, as Dr Rankin stated in his presidential address, it is mainly on the membership 
of this organization that the responsibility will fall for this research and development 
As a nation we need at once constructive efforts which will lead to the solution of 
some of these problems , I state here some of the more important as I observed them at 
Hiroshima and Nagasaki 
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First, a better understanding of the pathologic physiology of the seriously burned 
patient as regards the shock period, renal and liver damage, and especially, in some cases 
of secondary burns, pulmonary complications 

Second, a useful plasma substitute such as gelatin, polyovygelation, or the new 
dextran, obtainable in large quantities To my mind, it is simply foolish to think that we 
will ever have plasma or whole blood in the necessary amounts 

Third, better physical and chemical methods for the long storage of whole blood, and 
knowledge of the physiological effects of massive infusions of whole blood We know 
practically nothing of this latter matter 

Fourth, practical methods for the simplest treatment of mass burn casualties, chiefly 
involving face and hands 

Fifth, a better treatment of burns complicated by other forms of trauma 
Sixth, better treatment of bums complicated by infection in states where the ordinary 
bone marrow response is hampered by minor radiation damage 

These problems are solvable if as a group we put our shoulders to the wheel Our 
responsibilities as citizens and surgeons demand this Ordinarily we like to think of the 
atomic bomb as affecting only enemy populations It may be well for us to remember 
the admonition of Dr Samuel Johnson, “Think not the doom of man reversed for thee” 


Dr Robert Elman, St Louis, Mo Gentlemen, it seems to me that Dr Pearse’s 
observations have an application to present problems of burns which we see in civilian 
life He has called attention to the fact that the kind of burn and its systemic manifesta- 
tions should really be defined m terms of the kind of stimulus, that is, the temperature 
and duration of the thermal agent 

Many years ago, in some unpublished observations, we showed that one of these 
systemic infections, namely, hemo-concentration, is influenced by, but not necessarily in 
direct proportion to, the stimulus In other words, very often we would find greater 
degrees of hemoconcentration with lower temperatures or with a longer duration of the 
thermal stimulus Indeed, we were led to the observation that quite apart from the usual 
three degrees of burns described in textbooks, a burn may produce three types of tissue 
damage 

First IS the simple edema without necrosis, which leads in general to loss of plasma 
and hemoconcentration without toxic or other systemic manifestations Second, the dry 
hard necrosis which leads to neither hemoconcentration nor systemic manifestation 
Finally, the wet necrosis, which may lead to both 

Dr Pearse’s photographs showed that many of these flash burns seemed to produce 
a thin layer of dry necrosis I would like to ask whether in any of his other observations 
simple edema without necrosis, or moist necrosis, was produced 


Dr Charles C Lund, Boston, Mass I want to discuss for a moment one phase 
of the subject that Dr Pearse took up so ably 

He mentioned that the occurrence of the numerous casualties in the Boston and 
Hartford fires strained the available medical facilities What would it have been if it 
had been 200 times worse ^ He is absolutely right in those statements 

At the Massachusetts General Hospital there were quite a large number of verj 
competent men, well trained in the most modern treatment of burns, and that treatment 
was carried out very satisfactorily Over at the Boston City Hospital we had three times 
as many cases Our studies of burns were of much shorter duration than those at the 
Massachusetts General, and the small staff that had been studying burns had to spend 
most of Its time in directing the treatment of shock and other acute problems 

The doctors at the hospital made no attempt, in more than two or three cases, to 
carry out the complicated pressure dressing of the burns The hospital staff reverted to 
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the previous standard treatment of triple dye, for which the hospital had plenty of sup- 
plies and plenty of knowledge as to how to do that treatment well 

When Hartford’s fire came some of the patients were taken to the Hartford Hospital, 
which was well equipped and which cared for their patients with the most modern treat- 
ment However, a very large number of patients were taken to a rather small hospital 
where there had been no particular interest in burns and where treatment was carried 
cut by varied specialists, many of whom were not surgeons That particular hospital had 
a resident staff of only two young men, and staff men did most of the work 

Someone, unfortunately, told them that Levenson and I had had published a paper 
on the plaster cast treatment of burns, and that the plaster cast treatment of burns was 
what should be done for those patients with burns of the extremities The result was that 
the casts were put on by people who did not understand the physiology of that treatment, 
and most of the casts had to he taken off within 24 hours and other treatment 
given There was real harm to some of the patients from the cast treatment 

All of this leads up to a plea for the simplest possible effective measures to be 
encouraged for the doctors and the population to carry out, rather than complicated 
methods If it is a question between a doctor or a person carrying out an ideal method 
that he does not know very well, I think it is good judgment to use a slightly inferior 
method that he does know 

Dr HrRMAN E Peause, Rochester, NY I would like to thank Doctor Evans, 
Doctor Elman and Doctor Lund for their discussion I will try to answer Doctor Elman’s 
question We have worked on the pig, which is very resistant to infection The lesions 
produced thus far by a standard experiment of 120 Gm of magnesium at 30 cm distance 
did not become moist burns, but were covered with a dry eschar The greater intensity 
deeper burns or burns produced in other animals may become moist 

In conclusion, I would like to say that I was a little hesitant about presenting this 
subject before this group because it is so remote from your daily lives I decided that 
there was no need of being apologetic about it, for if there is ever an atomic bombing 
in this country, we as surgeons must take care of the casualties If we analyze the 
problem and study it, at least w'e will be prepared 
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BLOOD STASIS IN THE LUNGS AS A FACTOR IN THE ETIOLOGY 
OF POSTOPERATIVE PULMONARY COMPLICATIONS* 

Herbert C Maier, M D 

New York, N Y 

Knowledge concerning initiating factors is most important m under- 
standing the development of pathologic states Too often the secondary or 
later features of the morbid process obscure the initial aberration which set the 
train of events in motion This applies to the pulmonary complications which 
follow abdominal and other operations The important role of blood stasis 
within the lungs in initiating the process which later develops into atelectasis 
and pneumonia has not been adequately appreciated in spite of the excellent 
woik of Drinker ^ Comprehension of this fact leads to a more rational approach 
to the prevention of these complications 

It should be emphasized at this point that the etiology of postoperative 
pulmonary complications varies in different cases Among the causes that 
may be listed are retained bronchial secretion, aspiration of foreign material 
into the tracheobronchial tree, pulmonary embolism and primary bacterial 
invasion Although some of the most serious pulmonar}'^ complications may be 
due to the afoiementioned causes, these cannot be evoked to explain the initia- 
tion of the process in the majority of cases Hypoventilation is a factor of con- 
siderable importance, but the mechanism by which its deleterious effects are 
produced has not been completely clarified 

The importance of secretion in the bronchi in the development of pulmon- 
ary complications has been given much consideration in recent years The 
significance of this factor is great A logical explanation of the source of such 
secretions, however, has often been wanting In some cases the presence of 
bronchial secretions can be explained on the basis of one of the following 
mechanisms ( i ) Response to irritating anesthetic vapors or mechanical irri- 
tation of the air passages, (2 ) aspiration of material, such as saliva into the 
airway, and (3 ) retention of secretion caused by pre-existing pulmonary and 
bionchial pathology In most cases, however none of the above explanations 
apply An abnormal amount of fluid in the pulmonary tissues is here postulated 
as a frequent source of bronchial secretion There are a number of ways in 
which the fluid content of the lung may be increased These are ( i ) Circu- 
latory stasis, (2 ) hypoxia, (3 ) celrdiocirculatory failure, (4 ) partial obstruc- 
tion of the airway, (5 ) general tissue changes w^hich favor edema such as 
sodium retention, Vitamin C deficiency, hypoprotememia, etc , (6 ) chemical 
and physical irritants, and (7 ) reduced ciliary action and lessened evaporation 
from the lungs associated with hypoventilation 

Circulatory stasis, w'hich is usually not mentioned m a discussion of the 
etiolog}^ of postoperative pulmonary complications except in cardiac patients, 

Read before the American Surgical Association, St Louis, Mo , April 22 , 1949 
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IS heie deliberately placed at the head of the list, and is the subject considered 
in this papei It is my belief that an alteration in pulmonary blood content is a 
factoi of fundamental impoitance in the initiation of many postoperative pul- 
monary complications Physiologists have long known that the lungs serve as a 
blood leservoir The stiuctuie of the lung is well adapted to blood storage 
Contrary to solid oigans, such as the liver and spleen, which also act as blood 
reseivoiis. the lungs can stoie a laige amount of blood without any inciease in 
external dimensions The congested liver and spleen enlarge, whereas the 
congested lung may actually become smaller The reason foi the difiference lies 
in the fact that the increased volume of blood in the lungs causes the engorged 
capillaiies to encroach on the alveolar spaces and hence diminish the amount 
of gas contained in the alveoli Diminution in vital capacity is used as an index 
of pulmonary vasculai congestion 

Numerous studies have demonstiated the fiequent alterations in blood flow 
and blood content which occur in vaiious oigans or parts of the body in 
1 espouse to ph3'siologic demands The magnitude of such fluctuations may be 
suipnsingl) great Marked alterations can occur in a period of minutes These 
vascular responses are due to various neuiogenic, physical, chemical and hor- 
monal factors The relative importance of the controlling factors vanes gi eatly 
from oigan to organ One must constantly bear in mind the difference between 
the volume of blood flow through an oigan and the total blood content of that 
oigan The two values are not directly related In the lungs, for example, the 
blood content is less when the rate and minute volume of blood flow is inci eased 
during exercise Another veiy important factor, however, is the vascular status, 
and circulatory demands, of othei parts of the body DeBakej and associates^ 
have referred to a “lending-boi rowing” mechanism in the re-distribution of 
blood associated with pathologic states In such a process the “bank” or reser- 
voir is an important consideration Since the lungs are one of the most impor- 
tant blood leseivoirs in the body, the numerous factors which alter the amount 
of storage in the lungs deserve far greater consideration 

Hamilton and Morgan® showed that a change from the upright to the recum- 
bent position reduces the vital capacity because of a redistiibution of blood 
The lungs serve as a storage place for the blood which drams out of the 
dependent veins on lying down This conception is substantiated by the fact 
that when blood pressure cuffs are applied to the four extremities while the 
subject IS upright, and blood is trapped in the arms and legs by raising the 
pressure in the cuffs to a diastolic level, there is no similar reduction in vital 
capacity on assuming the recumbent position But the increased blood content 
of the lungs during recumbency and bodily inactivity is not evenly distiibuted 
Because of the low pressure in the pulmonary veins, gravity has a greater 
influence on the pulmonary than on the systemic cii culation Position plays an 
important role m determining the distribution of the blood within the lungs, 
especially during hypoventilation The anatomical relationship of the various 
parts of the lung to the site of the entrance of the pulmonary veins into the left 
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atrium is important A greater pressure is necessary to dram the blood from 
the parts of the lungs which are below the level of the veins Moreover, the 
portions of the lower lobes caudad and posterior to the level of the inferior 
pulmonarj' vein are known to be the usual site of postoperative complications 

Ventilatory motion plays an important role in pulmonary circulation The 
more negative mtrathoracic pressure associated with inspiration causes an 
increase in the amount of blood entering the right side of the heart and pul- 
monary circulation The left ventricle then responds by also increasing its 
output A remarkable adjustment keeps the output of both ventricles essentially 
the same except for transient changes Otherwise, large fluctuations in the 
blood content of the lungs would constantly occur Much additional data is 
needed concerning the mechanism by which this adjustment is attained Only 
then can it be known whether different breathing patterns with variations in 
the relative length of the inspiratory and expiratory phase will influence sig- 
nificantly the tendency toward blood stasis in the lungs The importance of 
mechanical movement in aiding pulmonary blood flow has been forcibly demon- 
strated by Thompson’s experiments ® In heparinized freshly killed animals 
alternating positive and negative intrabronchial pressure caused movement of 
blood through the lungs after all heart action had ceased It is a common clin- 
ical observation that definite improvement in the peripheral circulation of 
patients m the early postoperative period is noted when a few deep breaths are 
taken What changes in the blood content of the lung are produced by such 
increased ventilation have not as yet been accurately determined 

The deleterious effects of hypoventilation in surgical patients have been 
widely recognized The reduced ventilation has been ascribed to splinting of 
respirations due to pain, respiratory depression from drugs, and bodily inac- 
tivity Blood stasis in the dependent portions of the lungs should be added to 
this list Pulmonary congestion reduces the elasticity of the lung, with resultant 
hypoventilation and elevation of the diaphragm 

Drinker® has made extensive studies of the pulmonary changes produced in 
the dog by lying quietly under nembutal anesthesia for several hours He 
demonstrated by means of an aerosol dye that the dependent congested parts of 
the lungs are very poorly ventilated The reduced blood flow in the congested 
areas was proved by the distribution of intravenously injected graphite par- 
ticles ^ Drinker has also emphasized the contrast between the human being 
during normal sleep and the heavily sedated or postoperative patient The 
respiratory amplitude and body activity are much less in the latter group The 
occasional deep sigh and unconscious movements during ordinar)'^ sleep may 
well have a purpose 

Experimental studies have repeatedly demonstrated that infarction of the 
lung will not occur following embolic occlusion of a branch of the pulmonar}^ 
artery unless pulmonary congestion is already present ® Since pulmonary 
infarction does occur in postoperative and inactive patients, circulator}^ stasis 
would appear to be present under these conditions Also the frequent finding 
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of congestion in the bases of the lungs at autops}^ when death occurs m the early 
postoperative period yields coirobeiative evidence Moreovei, pathologically it 
IS often difficult to make a definite distinction between pulmonary congestion 
and pneumonia 

Since blood stoiage m the lungs is a factoi in the causation of pulmonary 
complications, it might be expected that the incidence would be higher m those 
patients who normally have a laigei amount of blood m their extremities, such 
as muscular males, wdiich is tiansfeired elsewdiere during inactivity The high 
incidence of pulmonary complications in cases of splenectomy, especially where 
there is marked splenoniegal} , ma} be due to the lemoval of one blood reservoir 
which would tend to inciease storage elsewhere In geneial the total blood 
volume IS not as important as tlic bod} blood distribution in influencing the 
blood content of the lung The factors of primary importance aie the extrapul- 
monary demand and the abilit} to empty any excess blood from the lungs 

In the da} when the in dating eflect of inhaled anesthetic vapors w^as con- 
sidered the main factor in the subsequent development of pneumonia, it was 
anticipated that the introduction of spinal anesthesia would lesult m a marked 
reduction in the incidence of pulmonar} complications This fallacious assump- 
tion was due to misconceptions as to the initiating factors The failure of spinal 
anesthesia to significant!} change the incidence of postopeiative pneumonia is 
readih understandable when it is leah/ed that bronchial secretion may be due 
to blood stasis and h} po\ entilation 

Van Allen cl aP ha\ e demonstrated the impoi tance of collateral respiration 
through the intra-ah eolar pores in the maintenance of pulmonary aeration in 
spite of broiichiolai obstruction Inadequate lecognition has been given to this 
important work Alley and Lindskog” recentl} reported that the injection of 
histamine reduced or abolished collateral lespiration thiough the intra-alveolar 
pores, and thought that histamine released in the operative area might be a 
factor in pulmonar}' complications This does not seem likely, because the 
available e\idence does not support the theory that significant amounts of his- 
tamine are released into the circulation during a proper!} performed operation 
Moreover, pulmonary complications similar to those of the postoperative 
period are also seen in heavih sedated bedfast patients who have not undergone 
a surgical procedure 

Since bodily inactuit} and depressed respirations are considered harmtul 
factors tending to cause pneumonia, mention should be made of the Barach 
equalizing pressure chamber ^ Patients may spend much time m such an 
apparatus in which there is relatne immobility of the thorax and little move- 
ment of the rest of the bod} Pneumonia has not resulted therefrom In this 
chamber, however, the lungs are subjected to rhythmic pressure efifects that 
may w'ell affect the movement of blood in the lungs Such patients also do not 
feel the usual urge to move other parts of their body, probably because of the 
circulatory effects of the rhythmic positive pressure to wdiich the entire body is 
subjected 
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The incidence of mild pulmonary complications has not been reduced in 
recent years as much as the frequency of the obvious postoperative pneumonia 
Antibiotics and other improvements m postoperative care have lessened the 
frequency of clearly manifest pneumonias Further attention should now be 
directed to the reduction of the milder complications by attempts to eliminate 
the initiating factors 

Prevention of pulmonary complications requires observance of the fol- 
lowing 

1 Use anesthetic technics which do not 
(a ) depiess respiration considerably 

(b ) produce even a slight degree of hypoxia 

(c ) cause labored bieathing or undue resistance m the airway 

(d ) depress systemic cii dilation and thus favor blood storage m lungs 

2 Remove secretions early m the tracheobronchial tree 

3 Provide for good ventilation of all parts of lungs in the postoperative 
peiiod 

4 Reduce pulmonaiy blood stasis by maintaining good blood flow in 
other parts of body 

5 Minimize pain that interferes with good pulmonaiy ventilation 

6 Obtain aid of giavity in draining parts of lung below the level of the 
pulmonaiy veins by turning patient periodically complete^ on the side or to a 
prone position 

7 Avoid hypotension because of unfavorable effect on blood distribution 
111 the body 

8 Avoid abnormal increases m blood volume 

CONCLUSIONS 

The muscular inactivity and depressed function of the surgical patient 
during and immediately after operation lessens the demand for blood in large 
portions of the body A resultant accumulation of blood occurs therefore in 
some viscera The lungs are an important blood reservoir Because of the low 
pressure in the pulmonary venous system, position will play a significant role 
m determining the distiibution of the blood accumulated m the lungs Abnor- 
mal ventilatory motion and little change in body position over a period of some 
hours also play a role 

The blood stasis in the dependent part of the lungs is a factor which pre- 
disposes the postoperative patient to the development of atelectasis and pneu- 
monia More attention should be directed to the avoidance of pulmonary blood 
stasis since this is an important 'initmhng factor The lower incidence of post- 
operative pneumonia since the advent of chemotherapy does not mean that the 
process is primarily an infectious one in most instances Prophylaxis of post- 
operative pneumonia depends largely on eliminating the factors that render 
the surgical patient more prone to a secondary bacterial invasion Thus tlie 
undesirable sequence of events may be checked at its onset 
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The aulhoi is keenly a^^ale of the piesent lack of direct measurements of 
the blood content of the lungs in larious physiologic and pathologic states 
More investigation of ciicnlatoiy alteiations within the lungs of surgical 
patients is needed In the futuie anesthetic technics should also be evaluated 
on the basis of their efiect on the blood content in the lungs. Pulmonary blood 
stasis should be included m the list of etiologic factois in postoperative pul- 
monaiy complications Although this papei has dealt with surgical cases, sim- 
ilar mechanisms are also piesent m the inactive, bedfast medical patient 
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Un i_ct ^Midstoinoijia Direct nlliptical Connection 

Fig 2 

Fig I — Comparative diameters of terminal ureter prepared by various technics 
Fig 2 — Anastomosis of ureter to colon by direct elliptical anastomosis provides 

maximum diameter of stoma 
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to difficulty in obtaining close opposition with skin oi mucous membrane in 
making an anastomosis 

The principle of elliptical connection which is made possible by a single slit 
at the terminal end of the ureter oi urethia appears to oveicome the tendency 
to constriction m the lumen When the tube is slit m this manner, its terminal 
portion becomes spatulate in shape with a diameter pi times the diameter of the 
original tube Furthermore, when the spatulate end is utilized in making a 
direct anastomosis to the skin or to another viscus, the actual caliber of the 
smaller tube is m no way jeopardized by healing of the anastomosis, since only 
one stitch directly involves its circumference When this technic is employed, 


Fig 3 


H ydrc 
(v.ithQut exctsion of pelvis) 




Hvdronephr os 1 s 

(witU excision, of pelvis) 





Fig 4 

Fig 3 — Principle of elliptical anastomosis applied to correction of 
congenital hyronephrosis 

Fig 4 — When pelvis is large the redundant portion is excised and 
elliptical connection with upper ureter carried out 
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any tendency to constriction at the point of epithelial union will involve only 
the large ciicninference of the stoma and will not, in so doing, cause a decrease 
in caliber of the tubes that ai e connected by the anastomosis 

We first applied this piinciple of anastomosis in performing uieterosig- 
inoidal transplantation (Fig 2), hoping to eliminate some of the disadvantages 
inherent in preMous transplant operations Most of the earlier technics em- 
ployed the tunnel pi inciple in the belief that such an arrangement provided a 
valve to pi otect the upper ui inai y ti act from reflux Whether a valve mech- 
anism actual!} opeiates eftectively in tins ciicumstance has never been detei- 

Reimplanha bion , of Ureber inbo Bladder 




Fig 5 — Reimplantation of ureter into bladder by elliptical anastomosis 


mined Many investigators have held the view that reflux is prevented by 
unimpeded peristalsis in a normally functioning ureter, and that the natural 
oblique insertion of the ureter into the bladder is a fortuitous arrangement 
rather than a protective one 

The tunneling operations of uretero-intestinal anastomosis are often com- 
plicated by postoperative hydronephrosis due to stricture at the site of anasto- 
mosis, and there are three frequent sites of obstruction concentric constriction 
of the terminal ureter that projects into the lumen of the bowel, fibrosis in 
the tunneled area, and peritoneal constriction at the point where the uretei 
enters the site of anastomosis 

Ureterosigmoidal anastomosis by direct elliptical connection avoids all of 
these points of constriction, and has demonstrated its value m the uniform 
avoidance of ureteral and renal dilatation in laboratory animals and in over 
20 patients that have been operated upon during the past year at the University 
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of Michigan Hospital Anothei advantage of this technic has been demon- 
strated 111 the successful transplantation of giossl} dilated ureters m four of 
our patients two of the lattei had fai advanced bilateial hydro-ureters and 
hydronephrosis Personal communications from many surgeons wdio have per- 
formed this opeiation since the preliminary lepoit of the piocedure m May, 
1948, have reiealed that it has been successful m nearly a bundled cases at the 
present time 

The piinciple of elliptical connection has also been applied successfully in 
reimplanting the uppei end of the ureter for the treatment of congenital 
hydronephiosis When there is a lelatively small renal pelvis (Fig 3) the 
ureter is seveied and a teiminal sht is made on one side for a distance of about 
I cm , then a y eitical incision of equal length is made at a dependent point m the 
renal pehis and diiect anastomosis is made When a large and redundant 
pelvis IS encounteied (Fig 4) it is excised and anastomosis of the spatulate 
upper ureter is made at the lowei end of the incision m the pelvis We have 
not employed a splint at the site of anastomosis but have directed the urine by 
nephrostomy for tw o w eeks 

This same technic of anastomosis has been emploved successfully m thiee 
cases for the reimplantation of the low'er ureter into the bladder In the case 
illustrated b} the artist’s sketches (Fig 5) there was a ureterovaginal fistula, 
and th^ ureter and renal peh is w ei e model ately dilated The operative approach 
yvas made aboye the site of previous opeiation, and the meter yvas picked up 
retroperitoneally and followed downward to the area of cicatiix, yydieie it yyas 
cut across and a sht was made at a fay 01 able site on its inferior aspect and 
direct anastomosis was made betw^een the two visceia by interrupted catgut 
sutures, the stitches passing through all coats of both structures Diversion of 
the urine yyas effected for tyyo yveeks by means of a T-tube placed m the ureter 
above the site of anastomosis Six yveeks aftei operation excretory pyelogiams 
showed that the ureter and kidney had returned to normal size A cystogram 
yyas made after the bladder had been filled y\ith sodium iodide solution to a 
point of painful distention, yet there yy'as no reflux of the contrast medium that 
could be seen on the roentgenograms that y\ ei e made undei these conditions 

Elliptical anastomosis has been employed advantageously m connection with 
the performance of cutaneous ureterostomy m two cases, and these compiise the 
sole instances m our experience yvhere stnetme at the mucocutaneous junction 
has been aymided 

Four patients yvith cancer of the penis have had amputations in which 
elliptical anastomosis of the urethra to the skin has been employed In twm 
cases a local amputation yvas performed (Fig 6) and the method was found to 


^““Following partial amputation of penis, this method provides a satisfactory meatus 
Fig 7-— Perineal urethrostomy by elliptical anastomosis prevents stricture 
Fig 8 — ^Anastomosis of vas deferens to epididymis is simplified by using elliptical 

connection 
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simplify the technic of operation FoIIow-up examination of both patients 
demonstrated the new meatus to be free from stricture 

The bugbear of stricture in pei meal ui ethrostomy following radical amputa- 
tion of the penis is notorious, and has been a serious complication of the oper- 
ation In two patients who had radical amputation the bulbous urethra was 
anastomosed to the perineal skin (Fig 7) by direct elliptical connection, and 
strictures have been avoided in both instances 

Another situation in which the principle was successfully employed involved 
the anastomosis (Fig 8) of the vas defeiens to the epididymis in treating ster- 
ility due to a congenital stenosis m the duct of the epididymis The patient had 
been shown by testiculai biopsy to have normal spermatogenesis, yet his semen 
contained no spermatozoa A slit i cm long was made in the globus major 
of the epididymis and fluid obtained from it was found to be made up of active 
sperms Elliptical anastomosis betw^een the sht terminal vas deferens and the 
incised epididymis was easily effected, and six months after operation the 
patient had a semen which contained spermatozoa in normal number and 
having normal activity 

The principle of elliptical anastomosis is manifestly not a new concept, 
because the technic has previously been utilized in all fields of surgery But the 
distinct advantages of the method in the field of urologic surgery apparently 
have never before been asserted The clinical value of elliptical anastomosis is 
demonstrated bj^ the various operations that have been described in the present 
communication 


Discussion — Dr Robert Lrr Payne, Norfolk, Va I am intensely interested in 
Doctor Nesbit’s paper for several reasons It will be patent in my discussion Whenever 
a ureter is divided, stricture inevitably and always results unless there is a mucosal 
anastomosis made immediately after the division of the ureter That is why Simon in 
1869 first recommended a nephrectomy for ureteral fistula and this was followed hy 
attempts of anastomosing the ureter in the bowel, the skin, the bladder and the vagina 
The principal objection to all methods of anastomosis has been a development of stenosis, 
and, second, the possible danger of ascending infection from regurgitation With the flush 
anastomosis to the bladder wall, stricture is most liable to result 

In 1908, in a monograph on this subject, I stated in my article that I did not believe 
regurgitation took place, or at least did not account for ascending infection In none of 
mv cases have I ever seen infection, present at the time of operation, fail to clear up after 
the split double flap type of anastomosis , and I stated I did not believe there is a normal 
ureteral valve at the ureteral orifice to prevent regurgitation Pozzie, Modkinsky and 
Desnos report leakage of urine from the bladder through the vesical stump of a divided 
ureter and Hartman reports leakage from the vesical stump following a nephrectomy 
Since in all of my cases of ureteral fistulae infection has cleared up rapidly following 
the double flap method of anastomosis, I am led to believe that regurgitation plays a 
small role, if any, in ascending infection following ureterovesical implantation My 
IS that the bladder wall contracts around the double flap type of anastomosis and possi y 
prevents regurgitation The musculature of the bladder is composed of an inner and outer 
longitudinal layer and a middle circular layer If the flap anastomosis is made at t e 
summit of the bladder and the ureter thus passed through the entire bladder wall, 
through this mesh-like arrangement of muscle fibers, it seems reasonable to believe 
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\esical contraction would produce a \alvc-like constriction of the ureter and thus prevent 
any forcible regurgitation 

In 1903 Van Hook recommended splitting the ureter on one side, as Doctor Nesbit 
adxises thus making an elliptical flare, and in these cases the ureter was anastomosed 
flush to the bladder and this resulted in stiicture By my method of anastomosis the 
ureter is split on both sides and these lateral flaps are then drawn into the bladder by 
traction sutures and fixed Regatding the fixation of the flaps, I recommended that a 
layer of mucous membranes on either side of the vesical incision be removed, thus 
securing for the flaps an approximation of connective tissue to connective tissue Two 
cases of this flap-type of anastomosis were reported by me, with illustrations, in the 
Journal of the A.mencan Medical Association, October 17, 1908, Page 1321 One of these 
cases had the left kidney lowered to accommodate for a shortened ureter 

Bo\ ee successfullv lowered the kidncj for a shortened ureter in dogs , but my case 
reported 190S was the first time this was done and reported in the human 

0 \er a period of nearlj 43 ^ears I ha\e never had the opportunity to do this opera- 
tion but 12 tunes In one of mj patients the surgeon had operated and tied both ureters, 
and the indnidual had been totally amine for exactly six days before the diagnosis was 
made I remember Doctor Starr Judd telling me that he had seen an individual with 
both ureters ligated, who had been totally anuric for nine days In my patient just referred 
to, who had been totally anuric for six dais, one of the ureters functioned normally 
through the bladder after the ligature had been removed, but the other ureter developed 
a ureteral fistula after remoimg the ligature and this ureter 12 wrecks later was 
implanted into the bladder In the split double flap method shown to you in the slides 
on the screen 

This flap method of anastomosis has been successfully used by me, not only in 
uniting the ureter to the bladder, in resections of stiictured areas at the uretero-pelvic 
junction in the kidiiei, but also in planting the ureters into the bow'el 
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THE PATHOGENESIS OF HYPERTHYROIDISM* 

Peter Heinbecicer, M D f 
St Louis, Mo 

FROM THE DFPARTMCNT OF SURGERY WASHINGTON UNIVERSITT SCHOOL OF MEDICINE 

ST LOUIS MISSOURI 

INTRODUCTION 

Hyperthyroidism results from the release of an excess of the hormone 
normally produced by the acinar cells of the thyroid gland Such an excess 
of secretion may be pioduced by a localized gioup of cells within the thyroid 
gland, a so-called adenoma, or it may be due to a generalized overaction of the 
cells of the thyroid gland The latter lesults from increased production of the 
thyrotropic hormone Evidence will be advanced to show that the increased 
production of this thyrotropic hormone which is secreted by the glandular 
hypophysis results in turn from an increased secretion of the neuial h}pophy- 
sis, the latter being under nervous control from the supraoptic and the para- 
ventriculai hypothalamic nuclei The hypothalamus, including these two nuclei 
and the centers of the sympathetic and the parasympathetic systems as well, is 
subject to excitation and suppression from the central nervous system, and 
as a consequence of the exteroceptive and interoceptive impulses which reach 
the latter, the neural hypophysis may be influenced It must be inferred that 
different subjects diffei constitutionally with respect to the degree to which this 
chain of events activates the hypophysis , the action as such may be considered 
a normal one for the regulation of Ausceral functions Evidence to suppoit 
these statements will be presented from experimental and clinical data 

experimental data 

Soiiice of thyi oti opic hounone In preAuous leports (Heinbecker,^’^" 1944 
1946) it was shown that following denervation of the neural hypophysis in the 
dog (Fig i), eithei by section above the median eminence (puncture, Type i) 
or by a transverse section caudal to the stalk in front of the mammillarjf bodies 
(puncture, Type 2) there occurs a change in the cytologj'^ of the glandular 
hypophysis Avhich is characterized by a marked loss of basophile cells and an 
increase in eosinophiles (Fig 2) If animals so operated on are compared 
with animals simply or totally (median eminence included) hypophysectom- 
ized. It IS found that in both atrophy of the thyroid gland occurs (Fig 3) 
This indicates that the atrophy of the thyioid gland is brought about by loss 
of the basophile cells, because the puncture type dog has an adequate number 
of active eosinophiles left Their activity is evidenced by a decrease in circulat- 
ing lymphocytes and by a decrease in insulin sensitiAuty In females there 
occurs also a loss of ovarian follicles, and m males a failure of maturation 0 

* Read before the American Surgical Association, St Louis, Mo, April 22 , 1949 

t Recipient of a grant-in-aid of research from the Commonwealth Fund and tie 
United States Public Health Service 
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the speimatocytes In these puncture dogs the adienal glands and the in- 
teistitja! tissues of the ovaiy and of the testis lemained noimal On the basis 
of such evidence it is concluded that the basophile cells of the glandular hypo- 
ph}S!S aie the source of hoiinones tiophic to the thyioid gland, to the ovarian 
follicles, and to the tubule cells of the testis Fiom these expeiiments it may be 
concluded also that deci eased activity of the supiaoptic and the paraventricular 


I 




Fig I — Diagram to indicate operations to dener- 
vate the neural hypophysis 

1 Complete denervation called Puncture Type i, 
performed through the oral approach 

2 Partial denervation, Puncture Type 2 , by sev- 
erance of afferent fibers from the caudal and superior 
areas to the paraventricular and supraoptic nuclei, 
performed through the temporal approach 


of the hypothalamus is responsible foi the loss of hypophysial basophile cells 
noted following puncture operations The decreased activity of these nuclei 
reduces the formation of posterior lobe hormone, and thus is responsible for 
the loss of basophile cells m the glandular hypophysis Other influences which 
modify basophile cell maturation will be considered later in this presentation 
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EFFECT OF EXOGENOUS POSTERIOR PITUITARY HORilONE ADMINISTRATION 
ON THE CTTOLOGY OF THE GEANDUEAR HYPOPHYSIS 

Exogenous whole posterior lobe hormone was administered to two female 
and one male dog for periods varying from 28 to 45 days During the period 
of hormone administiation the dogs were kept in metabolism cages and fed a 
mixture of dog biscuits and horse meat Daily urine collections were made 
Periodically blood cholesterol and blood sugar determinations were run On 
two of the dogs frequent total and differential blood counts were made before 
and during the peiiod of hormone administration 

The dogs remained in good general health, their urine output was slightl) 
but not significantly deci eased, their appetite remained good In two of the 
dogs given -i c; and 90 units respectively of posterioi lobe hormone for a period 
of 60 days, the blood circulating lymphocytes gradually increased to 30 per 
cent above the control values obtained before the period of hormone adminis- 
tiation began Theie was first an increase m blood cholesterol of 15 per cent 
with a later decrease to a little below the premjection level 


Table I — Cell Counts of Tivo Dogs Gwen 41 Units 
Dog 1 fot 2S Davs and Dog 2 for 

Postciwi Pituitarv Hormone, 
45 Days 

Dog 1 



Eos 

Baso 

Chromo 

58 6% 

14 6% 

26 8% 

Dog 2 



51 9% 

17 2% 

30 9% 

Average normal controls 



38 5% 

9 2% 

52 3% 


At the end of the period of obseivation the dogs were sacrificed and com- 
plete autopsies performed The pituitaiy glands were fixed in 10 per cent 
formalin, serially sectioned at 5 microns, and differentially stained according 
to the method of A T Rasmussen The thyroid gland, the gonads, and other 
endocrine organs were studied in detail The percentage of basophile cells 
was increased in the glandular hypophysis as a result of posterior lobe hormone 
administration (Table I) The thyroid gland showmd actively secreting cells 
(Fig 3) The ovaries showmd an increase in the thickness of the gennmal 
layer due to many large grownng follicles The testes showmd active sperma- 
togenesis 

Since the major result of excess posterior lobe hormone on the glandular 
hypophj^sis of the normal animal is an increase of basophiles and a decrease 
in their number follow^s a decrease m the amount of posterior lobe hormone it 
IS concluded that the basophiles are normally regulated m number and in the 
amount of their secretion bv the activity of the neural hypophysis 

EFFECT OF THYROIDECTOMY, CASTRATION AND HYPERTHYROIDIS’M 
ON THE GEANDUEAR HYPOPHYSIS 

It has been showm m this laborator}' and by others ( Sevennghaus, 1935' 
and Zeckw^er ef al , 1935^) that removal of the thyioid gland or of the gonads 
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01 of both togelhei lesulls in a inaiked niciease in the hypophysial basophile 
cells Such basoplnles may become degi anulated and filled with clear material 
The interpretation made is that lemoval of the thyroid, or the gonads, or of 
both togethei, peimits an mciease of hypophysial basophile cells, which in time 
become alteied cytologically because of an accumulation of secietoiy pioducts 
These aie not leleased oi, if leleased, aie ineffective, because of a lack of 
th}roid. of folliculcii, oi of semnnfeious tubule hoimone The same condition 
results eventuall} aftei deneivation of the neural hypophysis Up to two years 
after such an operation the effect is a loss of hypophysial basoplnles, with 
resultant depiession of tlnioid and gonad function leading to eventual atiophy 
of the thyioid, of the ovaiian follicles, and failuie of matin ation of the sperma- 
toc} tes Eventuall} , such ati opic changes v ill be reflected in the cytology of 
theglandulai hipophisis b} an mciease in basophile cells (unpublished data in 
this laboiaton) The hormones of the alteied basophile cells are unable to 
restoie to a noimal state the ati opine glands to which they are trophic nor- 
mal!} 

T \BLE II — Effect of Desiccated Foil Fhviotd 01 Gin pci Kq Pci Day foi 42 Days on 
flic Cvtoloqv of Glandulai Hvpoplivsis of the Dog 

Dog X13 


Dos 

B'lso 

Chromo 

•14 1% 

6 6% 

49 3% 

Dog X36 

10 3% 

3 3% 

56 4% 

A\ enge norm-\l controls 

38 5% 

9 2% 

52 3% 


In othei expel iments it vas found that the administration to two dogs 
of thyroid gland substance (o i Gm pei Kg body weight per day for 42 
days) did not increase, but lather tended to deciease the basophile cells of 
the hypophysis (Table II) The eosinophile cells showed a slight increase 
Sevennghaus, Smelson and Claike^ (1934) on the othei hand, found in 
thyroid-fed rats an mciease m basoplnles cytologically mdistmguishable from 
that found following casti ation or thyioidectomy The hyperthyroid rats 
showed a pronounced increased acidophiha The acidophile changes were in 
direct contrast to those seen after thyroidectomy in the rat m which the acido- 
philes level t entirely to chromophobes, or after castration, where they decrease 
in size and number Apparently the response of the glandular hypophysis to 
exogenous thyroid substance vanes with the animal species, with the amount, 
and with the duration of thyroid administered (Romeis,'^ I940) 

Our experience with the cytology of the glandular hypophysis of man, 
with hyperthyroidism, has been limited due to lack of available material In 
a typical case of a man of 51 years who died without therapy in thyroid crisis 
after 20 years of hyperthyroidism due to diffuse overaction of the thyroid 
acinar tissue (BMR -fdy per cent) theie is shown a marked increase in 
basophile cells, a id a decrease in eosinophile cells (Fig 4 ) 
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Fig 2 — A Photomicrograph X95 of glandular hypophysis of normal dog 
showing eosmophiles 39 8 per cent, basophiles 9 4 per cent, chromophobes 5° ^ 
per cent 

B Photomicrograph X95 of glandular hypophysis of puncture dog T)pe i 
showing eosmophiles 64 2 per cent, basophiles o 0 per cent, chromophobes 35 o 
per cent two years following puncture operation 

C Photomicrograph x9S of glandular hypophysis of puncture dog Type 2, 
one year after operation showing eosmophiles 52 5 per cent, basophiles 1 5 
cent, chromophobes 46 per cent 

D Photomicrograph X95 of glandular hypophysis of normal dog given 25 
units posterior lobe hormone for 28 days showing eosmophiles 5^9 P®*" 
basophiles 172 per cent, chromophobes 309 per cent 
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C D 

Fig 3 — A Photomicrograph of thyroid gland of normal dog 
B Photomicrograph of thyroid gland of totally hypophysectomized dog 
C Photomicrograph of thyroid gland of puncture dog Type i 
D Photomicrograph X475 of the thyroid gland of normal dog after 28 days 
of posterior lobe extract Note atrophic state of thyroid gland of B and C on 
comparison with A Note active acinar tissue in D 
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effect of hypothalamic PXJNCTtHtE AND OF TOTAL HI POPH^i SECTOR 
ON THE PARATHYKOID GLANDS 

Material and data were obtained on four Type i puncture dogs and four 
totally hypophysectomized dogs They were sacrificed two or more years fol- 
lowing their opeiation Autopsy studies levealed that in the Type i puncture 
dogs, and in totally hypophysectomized dogs, the parathyroid glands became 
enlarged to four to six times their average normal size for dogs of similar size 
and age Marked parathyroid enlargement also was found in two total!} 
hypoph3^sectomized and thyroidectomized dogs sacrificed two years after the 



A B 

Fig 4 — A Photomicrograph xQo of human glandular hypophysis from 
patient with marked hyperthyroidism showing basophile cell preponderance 
B Photomicrograph xgo of thyroid gland of patient C , Figure 7, show- 
ing actively secreting acinar tissue 


removal of the hypophysis and the thyroid glands On the basis of this 
evidence, it is concluded that the basophile cells are inhibitoiy to the para- 
thyroid glands The microscopic examination of such enlarged parathyroid 
glands (Fig 5) reveals that the enlargement is due to an increase m normal 
appearing closely packed cells Because of this it is concluded that they are 
functionally active Still, in the dogs with such enlarged parathyroid glands 
the serum calcium and serum phosphoi us values remained within normal limits 
and no demineralization of the bones occurred 

One Type i puncture dog with enlarged parathyroid glands (Fig 5 ) 
sacrificed seven and one-half years after the original operation Hypophysial 
basophile cells essentially absent up to two yeais aftei such an operation had 
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letuined, and then numbci was gieatlx^ inci eased, being 40 per cent of the 
diflerential count as compaied ^Mth a noimal of nine to ten pei cent It is sig- 
nificant to note that the basophile cells aie degianulated and filled with clear 
material consideied by us to repiescnt a letained secietory pioduct Because 


A 


B 



Fig 5 — A Pliotograph of paratli3Toid gland of normal dog 
B Photograph, same magnification as m A of thyroid gland of puncture dog 
Type I, seven and one-half years after operation, showing marked increase in size 
of parathyroid gland 

C Photomicrograph xi2 of largest normal parathyroid gland encountered 
D Photomicrograph xi2 of parathyroid gland of totally hypophysectomized 
dog two years after operation Note the gland is composed entirely of parathyroid 
cells 


of the persistent atrophic state of the thyroid gland and the ovaries, however, 
It IS inferred that the secretion had not been released or was not effective 


EXOPHTHALMOS 

Evpenmental data Loeb and Friedman® (1931) and Marine and Rosen® 
(^^ 933 ) produced exophthalmos by the administration of whole pituitary and 
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of thyrotropic hormone m thyroidectomized guinea pigs Dobyns" (1946) 
produced exophthalmos m the guinea pig by the administi ation of thyrotropic 
hormone to both normal and thyroidectomized animals His studies of the 
orbital tissues showed edema and early* fatty infiltration into the muscles 
From such studies it is evident that thyrotropic hormone alone can cause 
exophthalmos in some animals The effect disappears with the cessation of 


PUNCTURE 

Wt 


DOG TYPE I 
16 5 kg 


daily urine 

OUTPUT IN CC 


'///, ' T = Thyroid Substance 
01 gm /kg doily 



Fig 6 — Chart to show diuretic effect of thyroid substance in a diabetes 
insipidus dog due to Puncture Type r It shows also the antidiuretic effect of 
purified thyrotropic hormone, of whole anterior pituitary extract, and of whole 
posterior pituitary extract in protamine zinc 


hormone administration Significantly the injection of pituitary extracts m 
animals produces both in the eye muscles and in skeletal muscles changes that 
closely resemble those found in corresponding muscles in man suffering from 
Graves’ disease The orbital tissues appear to be more susceptible to the water 
retaining influences of the hormones, although skeletal muscles may be simi- 
larly but less severely affected 

In this laboratory, studies pertinent to the problem of exophthalmos v ere 
made on three dogs Two were totally hypophysectomized, and in one the 

812 



\olume VIO IHE PATHOGENESIS OF HYPERTHYROIDISM 

neiual li3poph}sis was dcnenalcd As a lesult of the opeiations all three 
dogs exhibited niaikcd diabetes insipidus The two totally hypophysectomized 
dogs weie given daiK adnnnistiation of th3ioid gland powder, oi Gm per 
Kg thioughout the c\])crnricntal jicnod In addition, they w^ere given at stated 
intervals doca, whole adrenal eortieal extiact, anterior pituitary extract 
(preloban), puiificd tluiotiopic hoiinone and posteiioi lobe hormone The 
dosages used in the dog w ith the neural h\ poph3 sis denei vated, and the results 
obtained, aie shown in Figuie C> 

Fiom the icsults of the expeinnents it can be stated that pieloban, thyio- 
tropic hoimone and posteiioi lobe hoiinone aie inaikedly antidiuietic They, 
therefoie, would tend to ictain watci in the tissues This finding is offered 
as the inechainsin thiough which thc3 pioduce exophthalmos in animals and 
111 man 

Th3roid extract has been shown to be markedly diuietic in the hypophy- 
sectomized and the puuctuie t3pe dog It wmiikk therefoie, tend to compensate 
foi the watei retaining influence of the thyiotiopic hoimone itself Of similar 
import IS the obsci\ation that leinoxal of the th3ioid gland in dogs stops the 
temporar3 diabetes insipidus which follows simple hvpophysectomy (Mahoney 
and Sheehan,^ t 935 ) This ohser\ation was conflrmed in this la’ oiatory It 
follows that exophthalmos might well become augmented by a i eduction in 
circulating tlnioid hormone below its noimal level 

In two othei dogs chionic adienal deficiency was pioduced by bilateial 
adrenalectoim The dogs w ere maintained in good condition by the implanta- 
tion of pellets of desoxicorticosteione, one for a penod of nine months, the 
other for 14 months At autopS3' a geneiahzed inciease in l}nnphoid tissue 
was noted Complete and difleiential white blood counts made periodicall3 
revealed a gradual increase in the numbei of cii dilating lymphocytes Thus 
in one dog four months aftei operation the blood pictuie w'as as follows 

RBC WBC EOS B*\SO STABS SEGS LYM 

517 ISS 75 I3S91- o % 0 5% 43 % 42 % 

One year aftei opeiation the counts weie 

696 14,600 so% 05% 8% 243% 678% 

Average normal control counts foi dogs in this laboratory weie 

71 12,500 52% o % 11% 621% 286% 

±5000 

In other experiments it w^as shown that in the dog the administration of 
thyroid powder o i Gm per Kg tends to lower rather than raise the number 
of circulating lymphocytes A similar effect was obtained by the administration 
of purified thyrotropic hormone Foi these reasons the increase in circu ating 
lymphocytes which characterizes Graves’ disease are taken to indicate ypo 
function of the eosinophile-adrenal hormone complex rather than hyper unction 
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of the basophile-thyroid hormone complex, because the latter w ould decrease 
rather than increase the circulating lymphocjdes 

Illustrative Case A 45-year-old colored male was admitted to Barnes Hospital 
January 10, 1947, because of a bulging of the right eye and diplopia Investigation 
revealed an indefinite enlargement of his thvroid gland, BMR +26 His blood choles- 
terol was 185 mg per 100 cc , and WBC was 9000, with circulating lymphocytes 34 per 
cent After study he was discharged for clinic treatment with propyl thiouracil 50 mg, 
tid He was readmitted to the hospital September 15, 1947, with bilateral malignant 
exophthalmos and keratitis (Fig 7) His BMR now was — 26, his blood cholesterol 
277 mg Tier 100 cc A bilateral maxillary sinusotomy and ethmoidectomj was performed 
to save his sight 

The case illustrates two well known facts ( i ) that exophthalmos f requenth 
IS associated with hypeithyroidism and (2) that exophthalmos frequently be- 
comes moi e marked with the lowering of basal metabolism by treatment 




Fig 7 — A Photograph of patient showing malignant exophthalmos B Pho- 
tograph of patient with local adenomatous nodule C Photograph of patient 
exhibiting Graves’ disease 


Clinical and pathologic studies have established with reasonable certainty 
that the bulging of the orbital contents is associated with sv elling of the orbital 
muscles, connective tissue, and fat, togetlier with a marked increase in lymphoid 
tissue (Naffziger and Jones,® 1932) After prolonged edema of the muscles, 
replacement of muscle cells with fibrous tissue cells is a natural consequence 
An hypothesis is offered that the edematous swelling of the orbital tissues is 
due to the water retaining effects of thyrotropic hormone in particular, and 
possibly of posterior lobe hormone as well The lymphoid tissue increase is 
considered due to depression of the adrenal cortex ■which accompanies marked 
hyperth3T0idism H)’^perthyroidism not infrequently occurs in patients iMth 
Addison’s disease (Brenner,^® 1928) and (Crooke and Russel,^^ 1935 ) 





Volume no 
Niimlicr 1 


THE PATHOGENESIS OF HYPERTHYROIDISM 


THYROID-PARATHYROID INTERRELATIONSHIPS 


E\ pcJ luicntal data To investigate thyioid-parathyroid interrelationships 
dogs ei e used as e\pei imental animals They were kept in metabolism cages 
and fed dog chow and horse meat The followung opeiations were carried out 
on the h}poph}sis thiough the oral approach (i) lemoval of the glandular 
and neuial lobes (simple hypophysectomy) , (2) removal of the adenohypo- 


physis and the entne neuial hypo- 
pliysis (total hypophysectomy) , (3) 
denenation of the neuial hypophysis 
by section above the median emin- 
ence without lemoval of the adeno 
01 neural hypophysis (punctuie 
T3’pe I) , (4) simple h3'poph3fsec- 
tom3 plus total th} 1 oidectoni3 

Tw’o dogs were kept in cages as 
normal controls Three dogs were 
simply hypophysectomi 7 ed. tw o w ei e 
totally hyposectonn 7 ed, tw'o w'eie 
punctured (T3pe I) and twm weie 
simply h} poph} sectomi 7 ed and thv- 
roidectomized 

The dogs were kept for peiiods 
of one to seien 3'ears before being 
sacrificed and completely autopsied 
During this time none of the dogs 
showed variations in their seium 
calcium or serum phosphorus be- 
3'^ond the limits of normal Anal3'sis 
of the findings peimit the follownng 
statements to be made 

1 Caging of normal dogs on the 
diet used did not lead to parathyi oid 
gland enlargement 

2 Twm years or more after sim- 
ple hypophysectomy, aftei total hy- 
pophysectom3L after puncture, Type 
I, and after simple h3''pophysectom3'^ 
plus thyroidectomy, definite en- 
largement of parathyroid glands oc- 
curred 

3 The loss of hypophysial baso- 
phile cells, or their degranulation, is 



Fig 8— a Photograph of parathyroid 
adenoma removed at operation from patient 
shown m B, C and D 

B Photograph of patient’s eyes 18 days 
after operation Note eyes are normal Pre- 
operative BMR — 16 

C Photograph of patient’s eyes 28 davs 
after operation Note marked exophthalmos 
BMR +26 

D Photograph of patient’s eyes six months 
after operation Note return of eyes to nor- 
mal BMR normal Iodine administered for 
10 days No operation on thyroid gland 
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associated with atrophic changes in the thyroid gland and with parathyroid 
enlargement 

On this evidence it is concluded that the hypophysial basophile cells exert 
an inhibitory influence on the parathyroid glands Their loss or degranulation 
permits parathyroid gland enlargement 

Illustrative Case A white male, 36 years of age, was admitted to Barnes Hospital 
because of nausea, vomiting and weight loss of three years’ duration Nine months before 
admission lumps appeared on his lower right jaw and on his left tibia His serum 


NEURO-ENDOCRINE AND ENDOCRINE INTERRELATIONS 



PARATHYROID 

GLAND 


< EXCITATORY 

— - INHIBITORY 


Fig 9 — Diagram to show manner m which influences from the 
system, acting through the hypothalamus on the neural hypophysis, can effect cn o 
in other endocrine glands 
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calcium was found to be 172 mg pei 100 cc , his serum phosphorus 5 4 mg per 100 cc , 
alkaline phosphatase 26 Bodansky units, BMR — 16 per cent, urine concentration to 
ion and urea cleaiancc 59 pci cent aveiage normal A biopsy of the tibia showed fibro 
cvstic disease of the bone A diagnosis of a paiathyroid tumor was made On March 30, 
194S, an adenoma of the paiathyroid was lemoved (Fig 8) Following his operation 
tlic patient de\ eloped hj perthyroidism with exophthalmos (Fig 8) On May 7, 1948, 
his BMR was +28 No enlargement of the thvroid gland was evident The patient 
responded rapidly to iodine On Ma^ 17, 1948, his BMR was +3 He has remained 
well ^^^thout additional treatment 

Comment The case demoiistiates that hypeithyioichsm with exophthalmos 
may develop following the lemoval of an actively secreting parathyroid ade- 
noma The explanation offered foi this occuirence is that the overactive 
parath} roid adenoma had inhibited the hypophysial basophile cells which was 
leflected m the basal metabolic late of — 16 After removal of the inhibitoiy 
influence the basophile cells responded with a temporary ovei action to cause 
the h} perth} roidism and the exophthalmos 

Additional support foi the concept that depiession of the hypophysial 
basophile cells may lead to an increase in sue of the parathyroid glands is 
found m a study of Cushing’s s3ndrome (Heinbeckei 1946) In this syn- 
drome an adenoma of the paiathyioid gland is not infrequently found Baso- 
phile cell function is considered to be depiessed because of the elevated blood 
cholesterol and deci eased metabolic late found m patients with Cushing’s 
syndrome 

CLmiCAL DATA 

Prolonged experience with the suigical treatment of hypei thy roidism, 
together -with observations on the specimens removed at operation, permit the 
deduction that hyperthyroidism may result either from ovei action of cells 
localized in a nodule, or from a diffuse ovei active acinar tissue with a varying 
degree of hypei trophy of the entire thyroid gland In the first instance, clin- 
ical study fails to reveal evidence of a general disturbance of the endocrine 
balance m such persons The pnmaiy cause of overactivity apparently is 
local, wdiereas m the instances where the th)noid gland is generally overactive 
there is invariably evidence of a generalized disturbance of endocrine balance 
This IS exhibited, among other things, b}^ an alteration of adrenal gland and 
sex gland function 

Recent investigations of hyperthyroidism due to an overactive local nodule 
have been reported by Cope, Rawson and MacArthur^^ (1947) Their dem- 
onstration that the thyrotropic hormone is concentrated in the cells of the 
overactive nodule, leaving the remainder of the thyroid gland relatively 
inactive, gives excellent support to the belief that the primary alteration is 
in the involved cells Their evidence indicates also that the thyrotropic hor- 
mone stimulates the secretion of thyroid hormone by the involved cells , in fact, 
after a fundamental change has occurred in the adenomatous tissue its cells 
become more than normally responsive to the thyrotropic hormone Experience 
with hypophysectomized animals in which marked thyroid atrophy occurs, 

817 



PETER HEINBECKER 


Annals of 
October 1949 

indicates that without th} rotropic hormone such altered cells would not con- 
tinue to be overactive Demonstration by the authors that radioactive iodine 
IS concentrated in the overactive cells is of fundamental significance It, too 
supports the concept that the hyperthyroidism due to an overactive nodule is 
not associated iMth a generalized endociine imbalance Only when the primar} 
disturbance is in the centi al nervous system and of a type which leads to over- 
activity of the hypophysial basophile cells, with a consequent overproduction 
of thyrotiopic hormone, does the disease become a generalized endocrine 
disturbance 

Hyperthyroidism is associated also with overaction of the autonomic nene 
s} stem “centers” of the hypothalamus Among the signs and symptoms 
attiibutable m part to such action are tremor, tachycardia, irregularities of the 
pulse, hyperacidity, h3^permobihty of the intestines, and sweating These signs 
ma}^ be produced experimentally bj'^ excitation of the sympathetic and the 
parasympathetic neivous systems They may be seen also as effects of the 
administration of thyroid substance itself, except for sweating, which is 
entirely neurogenic in origin Here, as elsewhere, biologic processes occur- 
ring m animals possessing a complex interrelationship between their nenmus 
and endocrine systems may be initiated either by a neurogenic or by a 
humoial mechanism Characteristically these mechanisms differ in the speed 
of their action Neurogenically initiated effects are rapid in their development 
to be supported by the more slowly developing humoral influences 

HYPERFUNCTIONING SINGLE ADENOMA OF THE THYROID 

Illustrative Case A 50-year-old white married housewife (Fig 7) entered Barnes 
Hospital because of a constant feeling of increased warmth, increased perspiration 
nervousness and tachycardia She had had a goiter for 15 years This did not disturb 
her health until nine years ago, when her toxic symptoms began to manifest themsehes 
Examination revealed a well localized nodule m the right lobe of the thjroid, the 
remainder of the thyroid gland was not enlarged B P 170/70 , BMR +31 > blood 
cholesterol 270 mg per 100 cc WBC 6470, percentage of circulating lymphocytes, 27 
The patient was treated with radioactive iodine Her symptomatic response was 
dramatic, she gaming 20 pounds within seven weeks Three doses of radioactive iodine 
totaling 25 milhcuries were administered over a seven-month period before the basal 
metabolism returned to normal By this time the nodule had reduced itself one third 
in size 

Comment The patient was considered to have a single adenoma of the 
thyroid on the basis of physical examination only She was chosen to repre- 
sent the single adenoma group because of her satisfactory response to radio- 
active iodine The result would be anticipated from the findings of Cope 
Rawson and MacArthur (1947, loc cit ) tvhich demonstrated that active 
adenomatous thyroid tissue has an avidity for iodine, almost to the exclusion 
of less active acinar tissue The surgical removal of such nodules results m 
a complete and permanent cure of the patient, a gain indicating that the 
disease is due to the local disturbance in the thyroid nodule 
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GENERALIZED in PEUFUNCTION OF THE THYROID GLAND 

Illustrative Case A i6-vear-olcl white unmarried female (Fig 7C) entered Barnes 
Hospital because of nervousness, tachycardia, sweating, increased appetite, unstability 
and tremor present for six months Amenorrhoea had been present for three months 
\ progress!! elj' enlarging goiter had been noted for two months 

Examination revealed diffuse enlargement of the thyroid gland Pulse no, BP 
130/68 The skin was of fine texture and moist The eyes were prominent, with some 
hd lag Marked fine tremor of the fingers was present WBC 6300, percentage of 
circulating hmphocytes 50, BMR +36 Plasma cholesterol was 120 mg per 100 cc 

After treatment with propyl thiouracil and iodine a subtotal thyroidectomy was 
pcrfoimed Three days after operation the patient menstruated normally She has con- 
tinued to do so normally Microscopic study of the thyroid tissue removed showed marked 
generalized changes which have been found to be characteristic of overactive acinar tissue 
Since operation her symptoms and her exophthalmos have both regressed Her 
basal metabolic rate three months after operation was normal 

Comment The high peicentage of circulating lymphocjTes is taken to 
indicate tiiidei activity of the adrenal cortex Studies of the vaginal mucosa 
before operation showed changes characteristically seen during active estrogen 
production At this time the gonadotropic titer on a 74-hour urine specimen 
was I 12 mouse uterus units On the second day the post-thyroidectomy 24- 
houi urine specimen contained 62 M U U The daily urine content for a 20 
to 30 year old regularly menstruating female averages 3 M U U * It is believed 
that the menstrual period occasioned in the immediate postoperative period 
w'as the result of the liberation of a luteinizing factor rather than to an exces- 
sive release of follicule stimulating hormone This would be indicative of a 
restoration of balance betw^een hypophysial basophiles and eosinophiles, 
because the latter aie the source of the luteinizing hormone 

DISCUSSION 

Of crucial importance in the chain of evidence supporting the present 
concept of the pathogenesis of h3^perthyroidism is the demonstration by us 
that the hypophysial basophile cells secrete a hormone trophic to the thyroid 
gland This finding is confirmed by Brolin^^ (1946) W'ho showed that in the 
rat, proliferation of the thyroid acinar tissue occurs on exposure to cold In 
animals so treated a marked increase in the basophile cells of the glandular 
hypophysis occurs He showed also that exposure to cold led to an increase 
in the amount of circulating thyrotropic hormone Thus, both histologic and 
functional evidence is available to support adequately the evidence obtained 
in this laboratory indicating that the basophile cells of the glandular hypo- 
physis are the source of the thyrotropic hormone 

The finding that prolonged administration of posterior pituitary hormone 
results in an increase of well granulated hypophj^sial basophile cells affords a 
mechanism whereby the pathogenesis of hyperthyroidism may be associated 
with augmented activity in the central nervous system, particularly the hypo- 
thalamus Clinical ex perience supports such an association Thus an analy sis 

* I am indebted to William H Masters, M D , for these analyses 
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of the signs associated with hyperthyroidism, particularly in Graves’ disease, 
shows that many of them aie attributable m pait to ovei activity of the auto- 
nomic nervous system The hypothalamus appears to be the chief regulating 
“center” for the control of both the autonomic neivous system and the endo- 
crine system of the body Clinical experience and the expeiimental evidence 
of Bronk, Pitts and Lairabee^*’ (1940) indicate that both the sympathetic and 
the parasympathetic systems can be depressed or augmented in then activity 
by fibers coming to the hypothalamus from the central nervous system Its 
regulating influence on the endocrine system is indicated by the experimental 
results in the puncture dogs of a marked decrease m basophiles, and the oppo- 
site result of an increase m basophiles after the administration to normal dogs 
of posterior lobe hormone Depression of the activity of the supraoptic and 
the paraventricular nuclei which innervate the neural hypophysis results in a 
decrease in the release of posterior lobe hormone and a decrease in the number 
of basophiles The increase in the number of basophiles which follows the 
administration of posterior lobe hormone indicates that increased activation 
of the supraoptic and the pai aventriculai nuclei would lesult in such an 
increase of basophiles The conclusion is warranted that the maturation of the 
glandular hypophysial basophile cells is under neurogenic control, by way of 
the neural hypophysis, regulated by fibers from the hypothalamus 

This interpretation is supported adequately by evidence herein presented 
and also by that of Biolin (1946, loc cit), who showed that section of the 
stalk of the hypophysis eliminates the increase of basophiles, and of thyro- 
tropic hormone which follows exposure to cold of the unaltered rat There- 
fore, thyrotropic hormone released on exposure to cold is under neurogenic 
control 

Other experimental conditions pertinent to our problem affecting hypo- 
physial basophile cell maturation are the removal of the thyroid gland or of 
the ovaries or the testes It is accepted generally that an increase in the num- 
ber of basophiles follows removal of the thyroid gland or of the gonads That 
the increase of basophiles which appears following these procedures is asso- 
ciated with an increased release of thyrotropic or of gonadotropic hormone has 
been shown by Addison^’^ (1917) by Smith, Sevennghaus and Leonard’® 
(1933) by Fmnerty, Meyer and Marvin^® (i944) 

Chouke, Friedman and Loeb“’^ (i 935 ) showed that in the female guinea 
pig during the sexual cycle the proliferative activity, and presumably also the 
metabolic activity of the thyroid acini, is greatei than in male animals of 
corresponding age It is probable that the mitotic proliferation of the thyroid 
gland undeigoes cycles which are correlated to the sexual cycle, the maximum 
in mitotic activity being low during the follicular phase It rises during the 
lutein phase, reaching the highest point at approximately the fifth day of the 
cycle in the guinea pig, at a time when the uterine mucosa also reaches a 
maximum of proliferation 

Experimental and clinical evidence obtained in this laboratoiy indicates 
that ordinal ily basophile cells aie tioohic to the ovaiian follicles as well as 
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to the thyioid gland It follows that conditions which augment thyiotiopic 
hoiinone may also lecognizably mciease gonadotropic hormone activity Fol- 
lowing opeiations in wdnch the thyroid oi the gonads alone are removed, such 
activation need not occui, oi if it does, it may be slight for the glands not 
lemoved In hyperthyioidism, as seen in Graves’ disease, both hormones ap- 
paiently aie released fiom the basophile cells 

It has been showm also that any augmentation of estiogen release increases 
the effect of posteiioi lobe hoimone, particulaily of the oxytocic fraction (un- 
published data m this laboiatoiy) Sex hoimone influences on the central 
nei vous system and on the matin ation of the basophile cells of the glandular 
hypophysis piesumably are significant in determining the higher incidence of 
hypei thyroidism in the female than in the male 

In a previous communication (Heinbeckei-® 1948, loc cit) it was shown 
that m the dog, depression of the supraoptic and the paraventnculai hypo- 
thalamus nuclei affects a change in the C3Tology of the glandular hypophysis 
chaiacteiized by a piepondeiance of the eosinophile cells and a marked loss 
of basophile cells (Fig 9) Because of this imbalance changes are effected 
in the function of the othei endocrine glands of the heait and of the kidneys, 
which lesult m the development of diastolic hypertension, obesity, decreased 
sugar toleiance, and arteriosclerosis The incidence of these sequelae, and 
their seventy, vaiy considerably because of factors not yet undei stood com- 
pletely The diff ei ences in bodily reaction to a given change in hormonal secre- 
tion, or imbalances betw^een secietions, may be assigned at present only to a 
“constitutional factoi ” Essential hypertension is ascribed primarily to the 
consequences of a functional depiession of the hypothalamic nuclei in persons 
so constituted that then adaptation 1 espouse to the sum of the exteroceptive 
and interoceptive influences acting on then central nervous systems is a 
depression of the supiaoptic and the paraventi icular nuclei of the hypothal- 
amus Hyperthyroidism, on the other hand, develops in persons in whom the 
effect of the sum of the exteroceptive and the interoceptive influences is one of 
excitation of these same hypothalamic nuclei From this, basophile, not eosino- 
phile cell prepondeiance follow'^s to result in the increased production of 
hypophi'^sial hormones trophic to the thyroid, the ovarian follicles and the 
spermatogenic cells There may be an associated depression of the hvpophysial 
hormones trophic to the adrenal gland and to the progesterone and the andro- 
genic producing cells The two conditions aie therefore opposite extremes in 
the range of vai lability of activity of the hypothalamic-hypophysial mechanism 
wdnch serves as the chief regulatoi of hoi monal balance in the body and wdnch 
IS Itself subject to control by the higher levels of the central nervous system 

SUMMARY 

Hyperthyroidism results from the release of norma] thyroid secretion in 
excess 

The excess secretion may be de.ived from a localized adenomatous ffroup 
of cells within the thyroid gland or from the normal secietory cells of the 

thyroid gland in general 
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The primary disturbance, where localized overactivity exists, rests within 
the involved cells The primary exciting disturbance for generalized over- 
activity comes from the hypophysial basophile cells whose secretion is trophic 
to the thyroid gland Overactivity of the hypophysial thyrotrophic cells results 
primarily from an increase of the secretion of the neural hypophysis which is 
under nervous control through fibers coming from the supraoptic and the para- 
ventricular hypothalamic nuclei 

Hyperthyroidism caused by increased activity of the normal secretory cells 
of the thyroid gland in general, occurs in persons so constituted that their 
adaptation response to the sum of their external and internal body stimuli is 
excitation of the supraoptic and the paraventricular nuclei 

Depression of the thyroid gland, the ovarian follicles, and the seminiferous 
tubule cells also increases the maturation of the hypophysial basophile cells by 
decreasing the normal inhibitory influence of these structures on such 
maturation 

Fluctuations in hypophysial basophile cell activity occur during puberty, 
menstruation, pregnancy, and the menopause Increased estrogen secretion 
facilitates the action of the secretion of the neural hypophysis These factors 
are significant in causing a higher incidence of hyperthyroidism in women 
than m man 

Exophthalmos, before chronicity is established, is a reversible phenomenon 
It results from the swelling of the intra-orbital contents, particularly the 
muscles, the connective tissue and the fat An accumulation of lymphoid tissue 
occurs also The swelling is a result of water retaining influences of the 
hormone of the neural hypophysis and particularly of the thyrotropic hor- 
mone A depression of the thyroid hormone has a similar influence The 
lymphoid tissue accumulation is a result of a depression of the adrenal cortical 
function, associated with the endocrine imbalance tending toward hyperthy- 
roidism A local susceptibility of the orbital tissue to the water retaining 
influences of the involved hormones is assumed 

The hypophysial basophile cells are inhibited by an excess of parathyroid 
hormone The secretory production of the hypophysial basophile cells is 
inhibitory to the parathyroid gland Removal of an actively secreting para- 
thyroid tumor may permit overactivity of the hypophysial basophile cells and 
the production of hyperthyroidism 

Acknowledgments I am indebted to Dr Mather Pfeiffenberger for the 
exacting work of counting the cells in the glandular hypophyses reported on 
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Discussion Dr Frank H Lahey, Boston, Mass I would not have you feel that 

from an investigator’s point of view I think I am competent to discuss this paper — so 
informative interesting, and so valuable m clearing (in my mind) some of our uncertain 
conceptions of the origin of hyperthyroidism 

On the other hand, manv of you may not be as interested as I haee been in how 
and why hyperthyroidism develops Having liferaiiv grown up with it from the stage 
when we knew next to nothing about it, it is fascinating to see \arious fundamental 
facts related to development of this disease each vear become better and better re\ealed, 
until we now have a well-connected conception of the origin of hyperthyroidism This 
paper supplies, for me, some of the links which have been missing up to now 
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We have for a number of years known of the interrelationship of the anterior 
pituitary and its thyrotropic stimulating hormone with hyperplasia of the thyroid and the 
depressing influence of an increased production of thyroxin on what we thought was the 
anterior pituitary 

It has been known for a number of years that there are neural pathways between tlie 
hypothalamus and the posterior pituitary, but the missing link has been the lack of 
demonstrable neural pathways connecting the hypothalamus or the posterior pituitary 
with the anterior pituitary We now have revealed at least a more complete picture of 
the origin of this disease which has been so confusing to all of us in the past 

The history of the clarification of many of the beclouded features of hyperthyroidism 
has been a fascinating one, and this appears to be one of the last links to complete 
the chain 

In this chain of events blood iodine studies have been extremely interesting, par- 
ticularly since we have learned to fractionate iodine into its organic and inorganic 
fractions We have learned from these studies why certain things happen which we knew 
happened but previously we did not know how It was through blood iodine studies, 
when we began to fractionate iodine, that we were able to demonstrate that the thyroid 
storms, which we assumed were due to increased outputs of thyroxin, were truly due to 
this, as could be demonstrated by the marked increase in organic iodine (the hormonal 
friction) within two hours after the operation It was possible to demonstrate that the 
intake of blood through the artery contained a lower organic iodine fraction than did the 
output of blood containing the hormonal factor m the veins And now something which we 
have assumed for a great many years has been demonstrated microscopically by a young 
South American working at the Massachusetts Institute of Technology, Dr de Robertis, 
who by freezing methods and staining has been able to demonstrate the bipolarity of the 
thyroid acinar cell 

We have known in the past that there have been periods of secretion and rest in the 
thyroid We could demonstrate by thyroid involution and distention of the thyroid acini 
that there were periods of activity, and by the high columnar and crinkled type of 
epithelial cells that it was hyperactive, but it remained for him to be able to stain the 
colloid which contains the thyroxin, and to demonstrate its extrusion through the 
periphery of the cell into the capillaries that run along the external portion of the cell, 
and so on into the blood stream 

Through his work, too, was revealed the enzymatic process called the peroxidase 
process in the acinar cells, which may play at least some part in the final synthesis of 
thyroxin It is now also possible to be better aware of how thyroxin is probably synthe- 
sized, first existing in the thyroid as an iodide, then converted into free iodine and joined 
with tyrosine to form diiodotyrosine and then synthesized further to the final stage of 
thyroxin It is here that this paper of Doctor Heinbecker is so interesting to all of us 
who have been concerned with thyroid disease over the years It is the final development 
of something that we have all known presumably existed , that is, the relationship between 
the paraventricular and supraoptic nuclei in the hypothalamus and the stimulation of the 
basophils m the anterior pituitary, thus to produce the hyperplasia, which in turn pro 
duces the excess of thyroxin associated with hyperthyroidism 

Finally, I think that perhaps the most valuable development in recent years, for 
which we owe so much to Astwood, MacKenzie and various others, is the making 
available of the antithyroid drugs which have literally converted these patients coming to 
surgery to completely nontoxic states and which have done away completely with the 
danger of table deaths, postoperative reactions, and all the harrowing events which used 
to go with surgery of patients still in an intensely toxic state I would like to tell 
Doctor Heinbecker how much I have enjoyed listening to this delightful presentation 
which so helps to clarify a situation that has not been completely clarified before 
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Dr Wiiiari) Bartlett, Jr, St Louis, Mo (guest) Let me express my appreciation 
of the opportunity to speak today, and to congratulate Doctor Heinbecker on his beautiful 
presentation I cannot refrain from making a few remarks about exophthalmos which 
are prompted by some of his statements 

I ha\e repeated in the past, until I am afraid some of you are tired of hearing it, 
that until one with an exophthalmometer regularly examines the eyes of every patient 
with a thyroid disorder and record's the findings at regular intervals throughout the 
course of the disorder, whether it be hypothyroidism primarily or hyperthyroidism to 
start with, it is very hard to evaluate what is happening to the eyes 

I want to assure you that one’s impressions from looking at the eyes, as to how much 
exophthalmos, if any, is present, or whether the eyes are protruding more or are receding 
as time goes on, are quite woi thless One can measure proptosis only with an exoph- 
thahnometer 

It is most deceptn e , and, as a matter of fact, the impression one gets that exoph- 
thalmos is present oi that it is increasing from time to time, is due largely to the width of 
the palpebral fissure and to the behacior of the lids themselves I give this to you for 
what It IS worth, those of you wdio are also seeing these patients frequently 

In 1934, before the Western Surgical Association meeting in St Louis, I recorded 
some of the things upon which Doctor Heinbecker has commented today Those of you 
who are old hands at thyroid surgery prior to twenty years ago, will recall that postoper- 
ative increase m exophthalmos was ordinarily held to be due to persistent or recurrent 
hyperthyroidism It was in tlie late 1920’s and early ’305 that we had a number of such 
instances in patients who, to my bewilderment, proved to be hypothyroid after 
mature study 

In these cases, leported at the Western Surgical Association, it was learned then 
that restoring them to normal thyroid balance by thyroid feeding resulted m a prompt 
regression of the exophthalmos in those patients in whom the exophthalmos had been 
present for very brief periods In those m whom exophthalmos had been present for 
months, httle regression occurred, and it was postulated at that time that the pathology 
involved was one of early edema, and lymph edema, as a forerunner of myxedema m the 
orbital tissues, which was reversible early bv thyroid feeding, but which, if allowed to 
persist, went on to fibrosis, leading to the picture of the orbital contents described by 
many individuals (among them Doctor Naffziger) who had done various types of oper- 
ation for decompression of the orbit m late, long-standing exophthalmos 

I throw out also the comment that there is an early increase in proptosis in nearly 
dll patients after thyroidectomy, no matter what their original measurements may be 
This I have recorded previously, and it has been confirmed in a perfectly splendid senes 
of studies from the Mayo Clinic, published within the last two or three years, given the 
Award of the American Goiter Association a couple of years ago I am sorry I cannot 
giv'e } ou the exact reference 

Dr PrTER Heixbecker, St Louis, Mo I wish to thank those who discussed my 
paper, particularly Doctor Lahey His favorable attention to this work will expand the 
attention given to our humble efforts to a much greater degree than he realizes 

I also wish to thank Doctor Pfeiffenberger, Doctor Fischer, and Miss Dennis, fellow 
workers m my laboratory, for the help they have given me in making these facts 
available to you 
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FROM THE NFW ENGLAND DEACONESS HOSPITAL 

This might be considered a report of progress m the surgical management 
of lesions of the lower extremities in patients with diabetes melhtus Fifteen 
years ago in a paper before this Association, one of us^ in analyzing the 
deaths following amputations for gangrene, pointed out that the mortality rate 
was 137 per cent , that about 10 per cent of these patients died as the result of 
uncontrolled sepsis , that if and when some mechanism other than surgery was 
developed for the control of infection, we might anticipate a mortality follow- 
ing major amputation of about 5 per cent 

Chemotherapeutic agents and the antibiotics have made it possible to 
control invasive infection, and the mortality rate has fallen as anticipated 
(Table I) This is of particular significance in the management of these 
patients vuth diabetes melhtus because this control of invasive infection invited 
a different appioach to a selected group of cases With the danger of ascend- 
ing infection and septicemia eliminated, it might now be practical to consider 
each foot on the basis of its arterial supply In selected cases, amputation 
might now be performed at a more distal level with safety and a reasonable 
chance of success There was reason to believe that if all or part of the toe was 
gangrenous, amputation through the foot just proximal to the heads of the 
metatarsals would be more likely to succeed than removal of the toe alone 
Such an amputation would, in addition, offer the patient protection against 
subsequent involvement of the remaining toes, and would give him a 
useful foot 

In 1944 we did our first transmetatarsal amputation for gangrene of a toe 
m a diabetic patient The lesion in this patient vas one for which w-e had 
previously considered amputation through or above the mid-lower leg as the 
operation of choice The operative wound healed promptly There have been 
215 such amputations done at the New England Deaconess Hospital up to 
January, I949>t ^^^d sufficient tune has elapsed to permit a study of these cases 
in an attempt more clearly to delineate the indications and the technic, and to 
review the early and late results 

* Read before the American Surgical Association, St Louis, Mo , April 22 , I949 
T We are indebted to Drs T C Pratt and C C Franseen for periussion to incUidc 
patients operated upon by them and for their cooperation in obtaining follow^-up data on 
their patients 
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INDICATION 

Our experience will permit only a discussion of the anatomical indications 
Removal of a toe, especially the great toe, with its metatarsal head, alters 
weight healing and increases the vulnerability of the remaining toes, there- 
fore, we prefer the relative secuiity of the tiansmetatarsal amputation Factual 


Table I 

— Moitahty FoUozmug Majoi Amputations 1923-1949, 

Nezv England Deaconess Hospital 

Period 

No Cases 

No Deaths 

Mortahtj (%) 

1923-1941 

680 

93 

13 7 

1941-1949 

358 

20 

5 5 



ABC 

Fig 2 — Exemplifying total excision of open wound and primarv closure of 
transmetatarsal amputation (A) Initial lesion, (B) local excision of initial lesion 
and drainage of soft tissue infection, (C) hospital result i8 da>s post transmeta- 
tarsal amputation 


evidence to support this preference is not at hand but, with this thought m 
mind, we have advised this procedure for the following indications 

1 Gangrene of all or pait of one oi more toes, providing that the gangrene 
and accompanying infection Itave become stabilised and the gangrene has no 
involved the doisal or plantar aspect of the foot (Fig l) 

2 A stabilized infection or open wound involving the distal portion 
the foot, when total excision of the infected area with primaiy' or delaje 
closure can be accomplished (Fig 2) 
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Fig 3— Neurogenic foot with destruction of third and fourth metatarso- 
phalangeal joints irartially closed amputation with subsequent secondary 
closure of plantar nap and pinch grafts to dorsum Area of anesthesia totally 
excised (A; ana (If; presenting lesion, (C) transmetatarsal amputation, 
area of local infection left open, (D) delayed suture of plantar defect and pinch 
grafts to dorsal granulating wound nine days post-amputation 
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3 An open, infected lesion in a neurogenic foot (a) as a curative procedure 
when the entire area of anesthesia can he excised (Fig 3), or (b) as a delay- 
ing proceduie when the aiea of infection can be excised but the hue of 
incision IS through the aiea of anesthesia (Fig 4) 

GANGRENE 

W e know of no way to determine accurately that a transmetatarsal ampu- 
tation will be successful in a foot whose arterial blood supply is deficient If 
the piocess is stabilized, and if gangrene and infection are well demarcated, 
there is a borderline group where only trial and error will give the final 



Fig 4 — Recurrent ulceration on amputation stumps 
m anesthetic plantar flap Good circulation and diabetic 
neuropathy 


answei With expenence we become increasingly accurate m the estimation 
of the potentialities of the circulation of a given foot, but we are not able 
always to foretell the outcome with accuracy We are sometimes pleasantly 
surprised to obtain early and prompt healing (Fig 5), just as we are occa- 
sionally^ disappointed to find neciosis and delayed healing or failure to heal 
(Fig 6) If the gangrene has extended onto the dorsal or plantar aspect of 
the foot, only rarely will this procedure be successful Occasionally an area of 
gangrene may extend slightly onto the medial or latter aspect of the foot and 
can be excised without jeopardizing the result (Fig i) On the other hand, 
when the circulation in the foot is adequate, infection may extend well onto 
the foot and not contradindicate the operation (Fig 3) 

Excision of aiea of infection One of the most satisfactory by-products 0 
this operation for gangrene has been its adaptation to a group of patients 
where the circulation in the foot has been reasonably good, but where the pre 
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Fig S — Successful transmetatarsal on an extremitj with \ery poor circu- 
lation A failure was anticipated (A) presenting lesion showing gangrene of 
the fifth toe, ulceration onto dorsum with diffuse, surrounding cellular reaction , 
(B) and (C) progressive localization and demarcation, (D) hospital result 21 
da}’’s post-amputation The defect on the dorsum is not jet healed 
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dominant factor has been infection We have now had a modest number of 
patients who entei ed the hospital with severe local infection, usually involving 
one of the metatai sophalangeal joints and not infrequently the veb space 
Initial drainage with oi wnthout amputation of one or more toes has been 
carried out m ordei to control the infection Aftei the piocess has become 
stabilized it has been possible to do a transmetatarsal amputation, excising 
the entile granulating aiea The edges of the newdy made wound are carefully 
approximated wath steel wore (Fig 2) In a few^ of these cases a small seg- 
ment of the wound has been packed loosely wuth gauze and allow^ed to heal by 
secondary intention In others, a granulating area on the dorsum of the foot 
has then been covered with pinch grafts removed from the amputated seg- 
ment (Fig 7) 



ABC 


Fig 6 — Immediate failure in a patient with poor circulation but in whom a 
successful result was anticipated (A) presenting lesion , (B) and (C) progressne 
dorsal necrosis w'lthin 12 days postoperatively Supracondj lar amputation done 
three days after (C) 

1 

New ogemc lesion These lesions are the most disturbing and baffling of 
all of the lesions that we see m this group of patients In most instances there 
IS an^ open, infected area on the plantar aspect of the foot, surrounded by an 
area of thick callus, and frequently leading into a metatarsophalangeal joint 
There is partial or complete anesthesia to pm prick in the involved area Tlie 
arterial supply is usually adequate A variety of surgical procedures has been 
utilized for this condition and healing is usually prompt In almost a 
instances, how^ever, there will be recurrence in spite of any precaution wo 
have been able to take, unless all of the anesthetic area on the plantar aspect 
of the foot can be excised If the incision on the plantar aspect is through skin 
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Fig 7 — An example of preliminary drainage of infection followed in 23 
days by closed transmetatarsal amputation The pinch grafts were taken from 
the amputated forefoot (A) presenting lesion , (B) preliminary drainage, (C) 
stabilized, open wound immediately pre-amputation, (D) hospital result 10 
days post-amputation 
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With normal sensation, not only will healing be complete, but a good result 
may be expected Otherwise, almost without exception, the result will be 
merely a delaying one (Figs 3 and 4) 


PREPABATION FOR OPERATION 

Probably the most important single factor favoring a successful outcome m 
a patient with borderline circulation is selection of the proper time for opera- 
tion Just when this is we are not certain , but every effort should be made to 

do the operation after the gangrene 
and infection have demarcated We 
know from past experience that pa- 
tients entering the hospital with se- 
vere pain ivill continue to benefit from 
the hospital routine for a period of 
two to three weeks We have, there- 
fore, taken approximately three iveeks 
as the period during which adjust- 
ment of the local circulation may be 
expected to take place Maximum im- 
provement should then be e^ ident and 
the patient ready for operation Pa- 
tients are given penicillin, usually a 
preparation of procaine penicillin G, 
300000 units once or twice daily if 
infection is present m association with 
the area of gangrene When infection 
has been controlled, usually in five to 
seven days, penicillin is stopped 
Buerger exercises are started and 
continued for approximately two 
w'eeks Patients with more favorable 
circulation may be operated upon at 
an earlier time During this period of 
preparation the general condition of the patient is supported , transfusions of 
blood are given to obtain a hemoglobin of 13 Gm or more, the diabetes is 
adjusted and eA'ery effort is made to have both the patient and the local area m 
the best possible condition for operation During the 24 hours before the time 
of operation, the patient is given 600,000 units of the procaine penicillin G 
This IS continued for four days postoperatively 



Fig 8 — Illustration showing line of in- 
cision Note long plantar flap 


TECHNIC OF OPERATION 

A low spinal anesthes'a has been used for all of these operations The 
lines of incision are shown in Figure 8 The long plantar flap is important 
because experience has shown that the blood supply to this flap is much better 
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than that to the dorsal flap Great care is taken to make the incisions decisive, 
using a sharp knife which is changed after the skin incision has been made 
There is no undermining or dissection of the dorsal flap, but the incision is 
carried directly down to the bone Dissection of the plantar flap is kept close 
to the underlying bone Each metatarsal is divided just proximal to its head 
with bone forceps All sesamoid bones are removed No special attention is 
given to the tendons Careful hemostasis with a minimum of trauma is essen- 
tial Closure is carried out in one layer using a serum proof suture material to 
approximate the skin edges Fine (No 38) stainless steel wire has proved the 
most satisfactory 111 our hands Closure of the wound is started from each 
end, to msurp accurate approximation at these two vulnerable areas There 
must be no tension to the suture line, nor should the flaps be redundant The 
wound IS not drained 


POSTOPERATIVE CARE 

An important feature of the postoperative, as well as the preoperative 
care is the position of the patient m bed In order that the extremity not be 
blanched and the veins remain full, the head of the bed is elevated so that the 
heart is always at a slightly highei level than the most distal portion of the 
feet This dependency may be accomplished either by placing shock blocks 
under the head of the bed or by cranking the head of the bed up to the 
desired level 

Patients are kept on bed rest in the above fashion for a period of two to 
two and a half weeks after amputation One half the stitches are removed 
about the ninth day, and the remainder between the twelfth and fourteenth 
day In preparation for ambulation Buerger exercises are started ten to 15 
days postoperatively Mobilization is begun gradually, starting with one 
minute three times a day, Buerger exercises are continued, and the amount of 
walking permitted is gradually increased Usually the patient is ready for 
discharge from the hospital three to four weeks after operation The average 
postoperative stay for the entire group has been 30 days 

HOSPITAL RESULTS 

A total of 215 patients have been operated upon up to January i, 1949, 
(Table II) There were two hospital deaths, a mortality of o 9 per cent 
Healing was complete m 155 patients at the time of discharge Sixty patients 
failed to heal, and of this group, re-amputation was done at a higher level in 
27 patients, with prompt healing m all but one This latter patient represents 
one of the fatalities Thirty-three patients left the hospital with wounds not 
completely healed 

Fatal Cases Both patients died of coronary thrombosis One was a 77- 
year-old diabetic of 12 years’ duration who died on his 48th hospital day, ten 
days after his ti ansmetatarsal amputation Preceding the amputation a pros- 
tatectomy had been done for urinary retention The second, a 71 -year-old 
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woman, who had diabetes foi 24 years, died on the 24th hospital day An 
unsuccessful ti ansmetatarsal amputation had been followed by a supracondylai 
amj^utation ten days before death 

Fmlines Supracondylai amputation had been advised foi five of this 
group of 27 patients All of these patients developed early progressive necrosis 
along the suture line Most of them had severe local pain in association Avith 
the necrosis 


Tablf 11 — Hospital Results Pollozvtng Tiausmetataisal Amputation 

Indication for Operation 

Cases 

Healed 

Unhealed 

Re amputation 

Died 

Gangrene 

145 

94 

25 

26 

2 

Excision of Infection (neuropathi ) 

ss 

46 

8 

1 

0 

Excision of Infection 

15 

15 

0 

0 

0 

Total 

215 

ISS 

33 

27 

2 



Careful review of the available 
data does not indicate ho\Y a more ac- 
curate decision might have been 
reached In each case tailiire was 
apparently due to arterial insuffi- 
ciency A possible exception was a 
patient with excellent collateral circu- 
lation but with no pulsations noted 
below the level of the femoral artery 
This patient was sensitive to penicil- 
lin, and IS the only patient in the en- 
tire series who ^^as operated upon 
without the protection which this 
would have afforded He is also the 
only patient in this series who devel- 
oped invasive infection It uas our 
belief that penicillin would have per- 
mitted healing per primtim Rest pain 
was present in 47 5 
patients in contrast to 18 i per cent 
of the remaining 188 When rest pain 
does not entirely disappear during the period of preparation, the prognosis 
IS very poor 

Local Compbcahons Fifty-three patients in addition to those already dis- 
cussed, did not heal pei pnmum Twenty of these were healed at the time 0 
discharge from the hospital Eight of these patients had a minor separation 0 
skin edges In the remaining 12 patients, partial primary closure of the woun 
was followed by secondary suture, skin grafting, 01 healing by secon 
intention 


Fig 9 — ^Typical dorsal flap necrosis 
Subsequent surgical revision was done 
three and one-half months later with pri- 
mary healing 
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The most impoitant local complication in this gioup of patients was the 
development of a triangular area of discoloration on the dorsal flap (Fig 9) 
which occurs within 10 or 12 days after operation In many instances this \\as 
transient and did not interfere with primary healing In 33 patients, the dis- 
coloration progressed to neciosis of a segment of the dorsal flap, which 
involved the skin and subcutaneous fat, and which had not healed at the time 
of discharge from the hospital If this neciosis is not too extensive, and if it 
demarcates early, there will be gradual separation of the necrotic tissue This 
may take many months, during which time the patient is up and about In 
selected cases, after complete separation of the slough, the defect may be closed 
by excision of the open aiea, shoitening of the underlying metatarsal shaft or 
shafts, and careful appi oximation of the skin edges 

LATE RESULTS 

Anatonucal One bundled and fift3'-five patients left the hospital with then 
stumps completely healed We have been unable to leain the piesent condition 


Table III — Late Results Folloivinq Ti aiisiuctatai sal Amputation ~ 

Stumps Healed at Time of Dtschatgc 

Indication 

Cases 

Recurrent 

Ulceration 

Re amputation 

Gangrene 

88 

10 

6 

Excision of infection (neuropathy) 

43 

14 

1 

Excision of infection 

IS 

0 

0 

Total 

146 

24 

7 


of nine of these patients Twent)-four, or 16 per cent of the remaining 146, 
have had subsequent trouble (Table III) In ten of these patients the ampu- 
tation had been done for gangrene Three of these have developed a small ai ea 
of necrosis at the medial or lateral corner of the scar A fourth has a painful 
fissure of the heel Six patients have survived successful amputation at a 
highei level necessitated by further gangrene These six patients all had use- 
ful limbs for a minimum of one year (average 18 7 months) In the neuro- 
pathic group 14 patients have recurrent ulcerations at a v eight-bearing point 
One developed a callus and ulceration underlying a bony spur which developed 
at the transected end of the second metatarsal This patient was well three 
months after excision of the spur Re-amputation was necessary in one patient 
in this group, a 31 -year-old diabetic with excellent circulation He remained 
well for one year, then recurrent ulceration and intractable infection resulted 
in higher amputation 

Thirty-three patients left the hospital with the stump unhealed Four of 
these healed in from two to ten months, but their present condition is 
unknown Of the remaining 29 patients (Table IV) 13 have subsequent!) 
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healed Five of these had a successful revision of their stump (original ampu- 
tation for gangrene) and in eight, healing has taken place by secondary inten- 
tion In six of the ten patients who remain unhealed the appearance of the 
local lesion would suggest that ultimate healing and a satisfactory result 
should occur In the six patients who have been re-admitted to the hospital 
and survived amputation at a higher level the intervals between the two ampu- 
tations have varied from two to ten months At no time did healing take place 
in this group 

Funchoml Results We can only report upon the function of the trans- 
metatarsal stump as it pertains to this elderly group of people (average age 
6r 5 years) whose physical activities are of necessity somewhat limited No 
patient considered his or her activities to be limited because of the loss of the 
distal portion of the foot There is a lack of forward balance Some patients 
report that in walking at a rapid pace the foot tires more easily than formerly 
All patients walk without a hmp Those with bilateral transmetatarsal stumps 
(19 patients) use a shortened stride In all cases this stump has fully met the 
daily requirements of this group of patients and we feel justified in classifying 
the functional results as "excellent ” 


Table IV — Late Results Folloiotng Tiaitsutetatarsal Amputations, 
Stumps Unhealed at Time of Discharge 


Indication 

Cases 

Healed 

Unhealed 

Re amputation 


Gangrene 

22 

8 

8 

6 


Excision of infection (neuropathy) 

7 

S 

2 

0 


Excision of infection 

0 

0 

0 

0 


Total 

29 

13 

10 

6 



Fjosthesis With but few exceptions these patients have been discharged 
from the hospital without any special type of shoe The toe of the shoe of the 
amputated foot has been filled with lamb’s wool to lessen the tendencj" of the 
shortened foot to slip forward 

Three patients with unilateral transmetatarsal amputations have had 
special inner soles made and report that thejr are very satisfactory This inner 
sole consists of a flexible steel plate with the space which the forefoot would 
have occupied filled with rubber foam This inner sole is not unlike that 
described by Bates “ It has given comfort to the end of the amputation and 
has stiffened the sole, both of which are important features From this verj 
limited experience it would seem to us that perhaps this may be the simplest 
and most satisfactory appliance 

Five other patients with unilateral amputations have had a short, narrow , 
flexible steel plate inserted between the outer and inner sole of the regular 
shoe This steel plate extends to the level of the transected metatarsals, an 
minimizes the annoyance resulting from the flail-like action of the dista 
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empty poition of the shoe This seems a more expensive way to handle the 
pi obleni and probably no moi e satisfactory than a well-constructed inner sole 
One ingenious patient with a unilateial amputation, a retired cobbler, simply 
had a cobblei fiiend do what amounted to a transmetatarsal amputation of his 
old shoe This, he says, has been perfectly satisfactory 

All of the patients with bilateral amputations use custom-made short shoes 
None of this group has used a shoe of the old size with specially constructed 
inner soles as described above It is possible that such a solution would be 
satisfactory, and if so, the expense of having special shoes made each time a 
new pan is required would be eliminated We are impressed that so few of 
these patients have felt the need for custom-made shoes 


Table V — Suminaiy of Results 


Follow up 
(Months) 



Cases 

% Total 

Av 

Ma\ 

Min 

Satisfactory* 

135 

67 

28 5 

57 

7 

Unsatisfactoryt 

32 

16 

20 8 

56 

4 

Failurest 

35 

17 




Total 

202 

100 





♦Nineteen patients died at intervals of 8 to 54 months after discharge from the hospital of conditions 
not related to the amputation 

tFour patients died at intervals of 14 to 35 months after discharge from the hospital of conditions not 
related to the amputation 
tincludes the 2 operative deaths 


Summary of Results If healing has been complete and the amputation 
stump does not limit the patient’s activities, we have classified the result as 
"satisfactory ” If complete healing has not taken place, or if there has been 
lecurrent trouble m relation to the stump but the patient is ambulatory, we 
have considered the result "unsatisfactory ” If healing did not occur, and the 
open area has progressed resulting m amputation at a higher level, we have 
called this result a “failure ” 

The present condition of 202 patients is known (Table V) Tbirty-five, or 
17 per cent, of these (including the two who died) are failures Thirty-two 
(16 per cent) have had one or more of a variety of local symptoms, but still 
retain limited use of their extremities These we have considered as unsatis- 
factory We feel that the remaining 135 patients, or 67 per cent of the entire 
group whose present condition is known, have had satisfactory results follow- 
ing their transmetatarsal amputations 

, smiaiARY 

I Two hundred and fifteen transmetatai sal amputations have been done 
from July, 1944, to January i, 1949, with two hospital deaths, both due to 
coronary thrombosis 
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2 Thirty-thiee of these failed to heal, and came to amputation at a higher 
level 

3 The present condition of the remaining 174 patients who left the hospital 
with a transmetatarsal amputation is known One hundred and thirty-five of 
these are completely satisfactory In 32 patients the end result is still undeter- 
mihed and is regarded as unsatisfactory Seven patients have come to higher 
aniputation after complete healing for a minimum of one year 

4 The functional result has been excellent in all successful cases Most 
patients with unilateral amputations use lamb’s wool in the toe of their own 
shoe Three patients use an inner sole insert with a rubber toe, which is prob- 
ably the best, and five patients use a flexible steel bar betw een the outei and 
inner sole 

5 Custom-made short shoes are used by all patients with bilateral ampu- 
tations, and this is regarded as a satisfactory solution 

6 AVe consider the results very gratifying and believe amputation at this 
level to be a major contribution to the management of this group of patients 
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Discussion — Dr Louis G HFRRJ^A^N, Cincinnati, Ohio At the Cincinnati Gen- 
eral Hospital we have employed, since 1934, the various conseriative amputations through 
the foot for gangrene of the toes due either to arterial disease or to infection We agree 
with Doctor McKittnck and his associates that many lives and many limbs can be sa\ed 
by such procedures, but we differ with them slightK on certain technical aspects of the 
operation It has been our experience that the transmetatarsal amputation gives the most 
serviceable stump of any of the amputations through the foot We have allowed the end 
of the stump to remain open until a healthy granulation tissue base developed, then 
secondarily closed it by split thickness skin grafts, rather than make large skin flaps and 
clode the stump at the primary operation In patients without arterial iiisufficiencj , the 
primary closure of the stump can usually be done safely 

Doctor Furste and I published the end-results of transmetatarsal amputations m 91 
patients who were subjected to this procedure between 1934 and 1947 Of these patients, 
37 tier cent obtained an excellent or good result and a useful w^eight-bearing foot 

The antibiotics and chemotherapeutic agents have enabled us to control local infection 
so Our future series should present an even higher percentage of useful weight-bearing 
feet after transmetatarsal amputations Doctor McKittnck has demonstrated the value 
of conservative amputation in the diabetic patient and ive are m agreement that these 
opefations should be performed more frequently in patients with localized gangrene 
of the toes 

Dr Michael E DeBakey Houston, Texas I should like first to express my grate- 
ful appreciation to Doctor klcKittrick and his associates for directing our attention^ to 
this valuable procedure There are tivo facts that are particularlj impressne in empna 
sizing the value of this procedure, first is the "salvage of functioning extremities, an 
second is the strikingly low mortality Those of us who have long been intereste m 
peripheral vascular disease can fully appreciate the great improvement in both mor a 1 1 
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and morbidity which has been achieved by Doctor McKittrick and his associates, particu- 
larly in this older age group of patients with diabetes Only about ten years ago the case 
fatality rate in the surgical management of such cases was as high as 30 to 40 per cent, 
with emphasis being placed on amputation above the knee In striking contrast with 
these results Doctor McKittnck and his associates reported a case fatality rate of about 
one per cent In addition, the patients were given functioning extremities Thus, they 
liave literally attained the salvage of both life and limb 

On the basis of our experience with this problem, there are two questions I should 
like to ask Doctor McKittnck First, were there any differences in the results obtained 
between the diabetic and the non-diabetic group of patients with arteriosclerosis^ I raise 
this question because 111 our experience it was observed that, if anything, somewhat better 
results may be obtained m the diabetics so long as the diabetes is properly controlled 

Secondly, I would like to ask what experience have they had in combining this 
procedure with sympathectomy In our experience, sympathectomy has appeared to be a 
valuable adjunct in the treatment of this particular group of patients By employing 
sympathectomy as a preliminary piocedure it has been possible m some instances to avoid 
transmetatarsal amputation We have been gratified to observe that following sympa- 
thectomy in many of these patients with localized gangrenous processes, such as those 
shown m some of Doctor McKittrick’s slides, sufficient improvement m the circulation 
may take place for the process to be arrested with complete healing and with a minimal 
loss of tissue, thus precluding the necessity of subsequent amputation, either at the 
transmetatarsal level or higher In a senes of 32 cases of this kind treated m this manner 
and followed from six months to four years, amputation was completely avoided in 
50 pel cent 

Dr Reginald H Smithwick, Boston, Mass As Doctor McKittnck and his asso- 
ciates have indicated, the advent of chemotherapy and antibiotics have made it possible to 
consider conservative amputations in increasing numbers of patients The degree of 
success which they have had is most impressive to me, and should stimulate a widespread 
interest in reducing the number of major amputations which are being performed in the 
presence of localized ulceration and gangrene in patients with peripheral vascular disease 

Valuable as chemotherapeutic agents and antibiotics may be, other factors also arc 
of great importance m determining the outcome of conservative amputations of toes or 
portions of the foot, particularly when extensive mam vessel obliteration is present 

The first essential is that the collateral circulation be adequate for healing There is 
no absolutely certain way to determine this, but I have found the following simple rules 
of thumb to be quite reliable First, if the temperature of the skin at the site of amputa- 
tion IS 75 degrees Fahrenheit or more after exposure of the extremities to a room temper- 
ature of 68 degrees Fahrenheit for one hour, one can be reasonably certain that an 
adequate blood flow exists Secondly, when, after blanching of the foot on elevation, 
flushing m the dependent position begins in twenty seconds or less, in all probability the 
collateral circulation is adequate If evidence of an actue vasoconstrictor mechanism is 
detected by appropriate studies, it is advisable to sympathectomize the extremity as a 
preliminary measure 

If adequate circulation seems to be present, one then comes to the actual operative 
procedure Particularly when one is contemplating a closed amputation, the preparation 
of the operative field is of great importance This requires a ^ery careful walling off of 
the ulcerating or gangrenous areas, with meticulous preparation of the skin with soap and 
water, using cotton or some non-traumatizmg substance for this purpose Recent experi- 
ences with Phisoderm and G-ii suggest that this may be of great ^alue m the preparation 
of the skin This is a most important part of the operation, and should be done by the 
surgeon himself 
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The actual technic of amputation is of great importance The skin flaps must be 
fashioned without trauma or handling of the tissues with toothed forceps or other irritat- 
ing instruments No unnecessary undercutting of flaps is permissible There must be no 
dead space The skin must be approximated without tension, placing the sutures so as to 
obtain perfect approximation without gaping of fat between them, and tied so as not to 
obstruct the circulation The margin between success and failure may be very slight, and 
for this reason I wish to emphasize these fundamental points, because I know from 
experience that unless they are more fully appreciated the percentage of success will 
be low 

In addition to transmetatarsal amputations, at times one may consider the amputation 
of a single toe either through the proximal phalanx or the metatarsal level If the 
remaining toes are rigid and the circulation questionable, the transmetatarsal procedure 
IS preferable These amputations may be carried out through any portion of the meta- 
tarsal bones, and more recently I have found that a very useful foot results from 
amputations through the distal portion of the tarsal bones In general, I make the skin 
flaps where I feel the circulation is adequate, and section the bone at whatever level is 
necessary to insure perfect approximation of the flaps 

I feel that Doctor McKittnck and his associates are to be congratulated on this 
excellent presentation 

Dr Leland S McKittrick, Boston, Mass I want to thank the discussers for 
adding and contributing so much to this discussion because all of the points brought 
out are very important Doctor Smitlnvick and Doctor Herrmann brought out the fact 
that technic cannot be over-emphasized The operation must be carefully done, with 
great attention to detail, or, as Doctor Smithwick has pointed out, the results will not 
be good 

We have not tried the skin graft That is a fascinating approach We have closed 
them all, except those wherein we dela\ed closure We disregard the tendons We close 
the skin with the greatest of care, using fine wire sutures We have used this on both 
diabetics and non-diabetics, m reply to Doctor DeBakev’s question, but most of our 
patients have been diabetics 

We have used sympathectomy m a limited number of patients We feel that there is 
a group, just as Doctor DeBakey has pointed out for whom sympathectomy may be the 
means of avoiding operation, or of adding to the security of amputation In that patient 
with the defect shown on the slide, who had had a previous sympathectomy, closure might 
not have succeeded had it not been used 

I would like to re-emphasize one point Doctor Smithwick has said that the margin 
of safety is small Whether the procedure succeeds or fads in this group with borderline 
circulation will depend upon the care and preparation of the patient, the judgment and 
selection of the proper time to do the operation, and the care with which the technic is 
carried out The selection of the proper time for this operation probably is the most 
important single factor in its success 
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RECURRENCE OF GASTRIC ULCER AFTER 
COMPLETE VAGOTOMY* 

Lester R Dragstedt, Ph D , M D , Edward H Camp, M D , 

AND James M Fritz, M D 

Chicago, Illinois 

FROM THF DEPARTMCNT OF SURGnR\ OF THE UNIVERSITY OF CHICAGO 

Division or the vagus nerve supply to the stomach has been performed 
on 521 patients at The University of Chicago Clinics during the six year 
period from January, 1943, to January, 1949 In only 20 patients was the 
operation done for the treatment of gastric ulcer Because the chief problem 
m gastric ulcer is the possibility of cancer, subtotal resection was performed 
whenever the lesion would permit its removal with a sufficient margin of 
normal tissue to have some significance as a therapeutic measure, should 
subsequent microscopic study show the presence of carcinoma Total gastrec- 
tomy was not considered wise m the absence of pi oved cancer Vagotomy was 
thus a substitute for a partial gastiectomy which would either not remove the 
lesion at all or be inadequate m the presence of carcinoma A number refused 
gastrectomy altogether but were willing to have the less mutilating vagotomy 
A report of the first eight patients was made two years ago^ and the problem 
IS now reconsidered because subsequent experience has produced some modi- 
fications in our views It is now clear that vagotomy is not as effective in 
gastric ulcers as we have found it to be m duodenal and gastrojejunal ulcers 
We have not yet encounteied a duodenal ulcer that has failed to heal or has 
recurred when the vagotomy has been complete as determined by repeated 
physiological tests Failures have been observed, but these have all occurred 
after incomplete vagotomy in patients where a positive gastric secretory 
response to insulin hypoglycemia has been obtained on repeated testing, and 
the nocturnal hypersecretion has not been reduced 

Of the group of 20 patients with gastric ulcers, 17 had vagotomy alone, 
two vagotomy plus gastroenterostomy, and one vagotomy plus partial gastrec- 
tomy At the present time ii of these patients are entirely free of symptoms 
on an unrestricted diet and without medication One died at home two months 
after operation, of a cerebral hemorrhage, autopsy M'^as not secured, so the 
status of the ulcer is undetermined One patient died of a brain tumor five 
months after operation Autopsy m this case revealed that the gastric ulcer 
had healed One patient had a vagotomy plus a wedge resection of the ulcer 
on the lesser curvature Gastroenterostomy was subsequently performed 
because of obstructive symptoms, and the patient died from a transfusion 

* This work has been aided by grants from the Division of Research Grants and 
Fellowships of the National Institute of Health, XJ S Public Health Service, and from the 
Otho S A Sprague Memorial Institute Read before the American Surgical Association, 
St Louis, Mo , April 22, 1949 
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reaction due to mis-matched blood In one patient the diagnosis of a gastric 
ulcer on the lesser curvature was based on roentgenogram findings Vagotomy 
was perfoimed, although at the time the surgeon could not be certain of the 
presence of an ulcer Symptoms persisted, together with positive roentgen 
ray findings, and 19 months later a sub-total gastrectomy was performed No 
ulcer was found m the resected specimen, and inspection of the short cardiac 
segment also failed to disclose an ulcer Persistence of symptoms aftei the 
resection indicates that the original diagnosis was in error, and that the patient 
never had an ulcer One patient had a severe hemorrhage from a large gastric 
ulcei on the lesser cuivature six weeks after vagotomy The ulcer was later 
excised and the patient is well at the piesent time Four patients continued 
to have ulcei distress 4 months, 5JA months, 13 months and 22 months after 
vagotomy The first three of these patients submitted to sub-total gastrectomy, 
and in each case an unhealed gastric ulcer was found in the resected specimen 

It IS thus apparent that m at least five of the 20 patients with gastric ulcers, 
vagotomy failed to bring about the symptomatic relief and objective evidence 
of healing usually obsetved following this operation in duodenal and gastro- 
jejunal lesions In three of the five patients the vagotomy was complete as 
evidenced by peisistently negative responses to insulin hypoglycemia, together 
with a satisfactor}’- reduction in the output of acid from the fasting stomach 
Summaries of these cases follow 

A N , a 66-vear-old housewife was hospitah/cd in October 1947 w’lth the complaint 
of typical abdominal distress for the preMous four months She had had one tarrv stool 
three months previously and had had some episodes of vomiting but no hematemesis There 
had been a progressne anorexia wnth a 30-pound weight loss In September, 1947, 
roentgenograms revealed a very large penetrating ulcer on the lesser curvature of the 
proximal third of the body of the stomach This measured approximateh zYz cm m 
diameter Nocturnal secretion measured 415 cc , w’lth a free acid of 36 clinical units 
On October 17, 1947, exploratory laparotomy \vas performed and a large penetrating 
ulcer adherent to the liver was found on the lesser curvature of the stomach near the 
cardia An abdominal vagotomy w'as performed She made an uneventful recoven and 
was discharged on the twelfth postoperativ'e day She was readmitted on November 30, 
1947, because of recurrent hematemeses during the previous two weeks, so that she 
became progressively weak, and had anorexia and recurrent severe vmmiting episodes On 
the dajf of admission she was exsanguinated and m a state of impending shock Supportive 
measures were instituted, but the hemorrhage persisted mtermittentlv, and on the ninth 
of December the abdomen was leopened and the ulcer excised localh The patient recov- 
ered, following a stormy postoperativ'e course, and vv'as discharged from the hospital on 
January 16, 1948 On January 4, 1948, gastric secretorv studies were made, and a night 
secretion varying from 420 to 750 cc , vv'ith 25 to 57 units of free acid was obtained, this 
despite the fact that there was a large food residue The insulin test was also interpreted 
as being probably positive Roentgen rav examination in Januarj', 1948, revealed a marked 
deformity of the mid-portion of the stomach with a nairovv channel connecting the two 
portions, and there was marked gastric retention The patient’s subsequent course has 
been remarkably uneventful She has gained 27 pounds to February, I949, and was eatiOa 
eveiythmg without distress Further roentgen ray examination of the stomach has not 
been made 
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T B , a 50-year-old salesman, was admitted on January 23, 1947, complaining of 
typical ulcer distress of three years’ duration He had vomited frequently, and for the 
past month the pain had been very severe, especially at night Two years previously he 
had an episode of tairy stools Roentgen ray examination in Decembei, 1946, showed a 
large ulcer crater m a deformed duodenal bulb without obstiuction Roentgenogram of 
the gallbladder levealed stones On January 25, 1947, his night secretion was 2440 cc with 
a free acidity of 39 clinical units and a total acid output of 95 milliequivalents On 
January 27, 1947, vagotomy and cholecystectomy weie performed under spinal anesthesia 
The ulcer was found to be on the gastric side of the pylorus Three weeks after operation 
the patient had recurrence of ulcer distress accompanied by vomiting Roentgen ray 
examination on February 19, 1947, showed persistence of the crater in the pyloric canal, 
but it was smaller in size Distress persisted, and on March ii, 1947, roentgen ray 
examination showed that the crater was still present On March 27, 1947, the night 
secretion was 840 cc with no free acid, and on May 13, 1947, 650 cc with no fiee acid 
Two insulin tests were negative On May 16, 1947, a sub-total gastrectomy was per- 
formed Examination revealed the resected ulcer to be located just on the gastric side of 
the pylorus on the lesser curvature (Fig i) Microscopically it was benign Eight months 
after operation he was relieved of ulcer distress but could not eat fatty foods and had lost 
about eight pounds in weight When last seen in December, 1948, he had no ulcer pain, 
but complained of moderate diarrhea 

W H R, a 32'year-old farmer, first came to the clinic on May 7, 1948 He gave a 
history of epigastric distress and pain under the lower sternum beginning in November, 
1941, and persisting with temporary intermissions to the time of admission The pam 
was usually constant, but was relieved by the ingestion of food and alkalies One episode 
of severe hematemesis with associated tarry stools occurred in 1941, requiring repeated 
transfusions Roentgen ray examination revealed an ulcer in the stomach There were no 
further episodes of bleeding, but the epigastric distress persisted m spite of a fairly accurate 
medical management Fluoroscopic examination on May 8, 1948, failed to reveal a lesion 
in the stomach or duodenum The night secretion averaged 550 cc with no free acid 
A laparotomy was pei formed on May 10, 1948, and the abdomen was carefully explored 
without finding any evidence of disease The stomach and duodenum appeared normal 
throughout, and there were no scars or adhesions present The pylorus was patent The 
stomach was not opened, but in view of the previous episodes of hemorrhage with 
■•ymptomatology of peptic ulcer, a vagotomy was performed Convalescence was compli- 
cated by more than the usual amount of gastric stasis, although there was complete relief 
of the former epigastric distress Fluoroscopic examination on August 2, 1948, showed 
marked gastric stasis but there was no evident e of an organic lesion in the stomach or 
duodenum The nocturnal gastric secretion on October 31, 1948, averaged 330 cc in a 
12-hour period, with no free acid and 27 clinical units of total acidity The insulin test 
was negative Recurrence of epigastric distress similar to that experienced before tbe 
vagotomy was noted in October, 1948, and this rapidly became more severe Gastroscopic 
examination on October 30, 1948, revealed an ulcer interpreted as benign on the anterior 
wall of the mid-portion of the body of the stomach Fluoroscopic examination on Novem- 
ber 2, 1948, revealed a gastric ulcer with a crater, demonstrated by a niche 25 mm in 
length, along the midportion of the lesser curvature of the stomach A second gastroscopic 
examination on November i, 1948, again revealed a large benign ulcer on the anterior 
wall near the lesser curvature in the mid-portion of the stomach On November 3, 1948, 
a sub-total gastric resection was performed The resected specimen revealed a large, 
typical, benign gastric ulcer on the posterior wall of the stomach near the lesser curvatuie 
(Fig 2) The ulcer crater measured i 5 cm m length by 7 mm m width and 5 mm deep 
The wall surrounding the ulcer was thickened and the mucosa granular Microscopically 
there was marked infiltration of the mucosa vith round cells, including plasma cells, and 
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Fig I 



Fig 2 

Fig I — ^Photograph of resected stomach showing benign pre-pyloric 
ulcer four months after vagotomy with negative insulin tests afterward 

Fig 2 — Photograph of resected stomach showing benign gastric ulcer 
five and one-half months after complete vagotomy 
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near the musculans mucosa there were numerous large reactive lymphoid nodules The 
sub-mucosa was fibrotic and invaded by lymphocytes, plasma cells, and eosinophils The 
serosa, however, and the mesogastrium, were thickened and hyperemic, and the fatty tissue 
somewhat fibrotic The ulcer had penetrated the main muscle coats and undercut the 
gastric mucosa,- particularly on its distal border Its surface was made up of exudate 
Immediately under this region was quite dense granulation tissue with focal fibrinoid 
degeneration Recovery from the partial gastrectomy was uneventful, and when last seen 
on April 4, I949, the patient was feeling quite well, working every day, and was without 
epigastric distress or diarrhea He complained of moderate feelings of fullness and dis- 
tention after eating 

P B , a 64-year-old physician, gave a history of intermittent gastric pain and 
distress for 14 years, with roentgenogram demonstrating a duodenal ulcer on several 
occasions There had been one episode of hematemesis in 1933, and he had had recent 
night pain The patient brought outside roentgenograms which demonstrated a healed 
duodenal ulcer and a new ulcer crater on the lesser curvature of the stomach , according 
to the history this crater had originally been seen m 1939 There was no history of 
obstruction or co-existent disease Medical management had been good Laparotomy on 
November 24, 1947, showed a scar and an adhesion of the old ulcer m the first portion of 
the duodenum There was no evidence of obstruction On the lesser curvature of the 
stomach on the mid-section was an indurated area with a perforating ulcer whose crater 
could be felt A subdiaphragmatic vagotomy was performed Postoperatively theie was a 
temperature elevation of 38 to 39 degrees rectally for two days which may have been 
due to a mild atelectasis A six-week follow-up showed moderate diarrhea, decreasing m 
seventy since the time of operation There was no ulcer distress but there were mild 
symptoms of stasis The patient's weight gain progressed to 26 pounds in November, 1948, 
when, for the first time, ulcer distress recurred An insulin test was negative seven 
months postoperatively but was positive on December 14, 1948, nocturnal secretion was of 
low volume with no free acidity Roentgen ray revealed a lesser curvature gastric ulcer 
and a sub-total gastrectomy was performed on December 15, 1948 A benign ulcer, recur- 
rent at a previously involved site, was found on pathologic examination of the specimen 
In January, 1949, the patient was making a favorable convalescence without ulcer distress 

H A , a 46-year-old machinist, was admitted to the dime complaining of typical ulcer 
distress for the previous eight years He had had no night pain, no hemorrhages, no per- 
foration, and no obstructive symptoms Medical management had been excellent and had 
included a course of roentgen ray therapy to the fundus of the stomach Repeated 
roentgen ray examinations since 1942 had demonstrated a recuriing, benign, gastric ulcer 
with hour-glass deformity of the stomach On November 22, 1946, the night secretion 
was 861 cc , with no free acid, and the insulin test was positive On December 4, 1946, a 
transabdominal vagotomy was performed under spinal anesthesia A firm, freely movable 
mass could be felt high on the lesser curvature of the stomach On December 12, 1946, 
one insulin test was negative Gastroscopy on July 2, 1947, showed considerable gastric 
retention and a possible superficial ulcer In October, 1947, he complained of recurrent 
epigastric distress which was considered to be ulcer distress Roentgen ray examination 
on November 5, 1947, revealed an hour-glass contraction but no definite crater Eighteen 
months postoperatively he continued to ha\e pains similar to his preoperative distress 
Roentgenogram on June 23, 1948, revealed persistent deformity of the greater curvature 
of the stomach with no evidence of a crater 

The development of benign gastric ulcer in patients who have previously 
had a vagotomy for duodenal ulcer with subsequent healing presents an 
interesting phenomenon We have had one proved case of this type and there 
IS possibly a second as yet unconfirmed 
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The first patient to have a complete vagotomy m this clinic, W B, a white male a"e 
51 years, had been operated upon m 1930 for a perfoiated peptic ulcer He felt well 
until 1938, when he developed epigastric pain wduch w'as most severe tw'o hours after 
the noon meal and at 2 00 a m This pain w^as relieved by food, alkalies, rest, or \omitiiw 
Fluoroscopic examination on December 8, 1942, revealed high grade p\lorc stenosis with 
a large ulcei crater Nocturnal gastric secretion averaged 1160 cc wnth a free acidiu of 
65 clinical units, and a total hydrochloric acid output of 75 4 milliequivalents On January 
18, 1943, a transthoracic vagotomy with resection of 3 cm of both vagus nerves ivas 
lerfoimed The ulcer distress promptly disappeared and the nocturnal gastric secretion 
was reduced to 310 cc wnth a free acidity of 58 clinical units and a hydrochloric acid 
output of 18 milliequivalents 1 here w'as evidence of marked stasis of food in the stomach, 
but the patient continued free from distress and in good general condition for about four 
years In 1947, typical ulcer distress recurred and gastroscopy revealed a large ulcer on 
the postei lor wall of the stomach near the lesser cun ature The insulin test w as repeatedh 



Fic. 3 — Photograph of resected stomach showing 
gastric ulcer penetrating into the pancreas wduch de\ eloped 
tour years atter complete vagotomy for duodenal ulcer 
Duodenal ulcer remained healed 


negative and the nocturnal gastric secretion averaged 620 cc w’lth no free acid A carcinoma 
was suspected and a sub-total gastrectomy was performed April n, i947 The resecte 
specimen disclosed a large benign gastric ulcer (Fig 3) with marked iiitimal proliferation 
and thrombosis 111 the blood vessels in the neighboring gastric wall (Figs 4 and 5) 

Of a total of nine patients in oui series tvith both gastric and duodenal 
ulcers five had vagotomy alone and four vagotomy plus gasu oenterostomy 
One patient has been lost to follow-up and six aie free of sjunptoms at the 
present time One died of intra-cranial hemorrhage six weeks after the 
vagotomy and at autopsy the duodenal ulcer was healed, the gastric ulcer 
partially healed One patient died m the immediate postoperative period 0 
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Fig s 

Fig 4 —Photomicrograph showing intimal proliferation, thrombosis, and 
re-canahzation in vessels in gastric wall near the ulcer seen m Figure 3 

Fig 5 —Higher magnification showing details of thrombosis, organization, and 
re-canalization of vessels in Figure 4 
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persistent bleeding from the gastric ulcer This history is summarized as 
follows 

R W, a 65-year-old white male, was admitted to the clinic on July ii, 1947, com- 
plaining of typical ulcer distress for the previous 30 years Medical management had been 
inadequate He was in profound alkalosis as a result of persistent vomiting when he came 
to the hospital Fluoroscopic examination revealed high-grade pyloric obstruction with 
marked gastric retention On July 20, 1947, following hematemtsis and melena, the patient 
went into vascular collapse necessitating repeated transfusions On July 22, 1947, he was 
transferred to surgerj, where supportive therapy was continued, and the patient received 
3 more transfusions Although still in a precarious state and with moderate alkalosis, on 
July 24, 1947, a laparotomy was performed Exploration of the stomach revealed a crater 
on the lesser curvature, 3 cm from the esophagus, and a duodenal ulcer with obstruction 
A vagotomy and posterior gastroenterostomy were performed The postoperative course 
was stormy with persistent high fever, and the blood pressure frequently fell to shock 
levels, and the patient required oxygen On July 29, 1947, he had a massive internal 
hemorrhage, and five blood transfusions were given The blood pressure stabilized on the 
following day, but then he had another massive hemorrhage, and accordingly, on July 30, 
1947, he was re-explored The stomach was opened and found to be filled with a large 
blood clot which, when removed, revealed a large shallow ulcer crater on the lesser 
curvature In the center of the ulcer an arteriosclerotic artery was seen spurting blood 
This was ligated with a mattress suture and the abdomen closed The patient’s condition 
failed to improve in spite of repeated transfusions and other supportive measures Aspir 
ation pneumonia developed, and death occurred on August 13, 1947 


Table I — Avciagc Twclvc-How hught Gastiic Scaction tit fhc Empty Stomach of 
Noimal Individuals and Peptic Ulcer Patients 


Number of 
Cases 

Free Acid m 
Volume in CC Clinical Units 

HCl Output 
in Milli 
equiv alents 

Normals 

33 

581 

31 

18 

Normals (prison) 

23 

621 

44 

30 

Duodenal ulcers before v agotomy 

135 

1 085 

52 

60 

Duodenal ulcers after vagotomy 

70 

521 

22 

11 

Gastric and duodenal ulcers before vagotoms 

8 

1,106 

38 

42 

Gastric and duodenal ulcers after vagotomy 

8 

459 

12 

5 S 

Gastric ulcers before vagotomy 

14 

773 

23 

17 8 

Gastric ulcers after vagotomy 

10 

465 

3 

1 4 


In our previous report^ we commented on the fact that hypersecretion of 
gastric juice was not found in patients with gastric ulcer, although this was 
the usual finding in duodenal ulcer Subsequent experience has confirmed 
this observation, and is well illustrated m Table I, which displays the volume, 
free acidity, and total acid output m the nocturnal secretion of patients with 
various types of peptic ulcer compared with normal individuals It is prob- 
able that the most significant figures are those in the fifth column, recording 
the total output of hydrochloric acid in the empty stomach in a 12-hour period 
This figure is obtained by multiplying the volume of secretion m liters by the 
concentration of hydrochloric acid in clinical units The product represents 
the 12-hour output of hydrochloric acid in milliequivalents The volume 
and free acid concentration are of lesser meaning, since there is usually 



Volume 130 RECURRENCE OF GASTRIC ULCER AFTER VAGOTOMY 

Number 4 

contamination of the parietal secretion by saliva oi leguigitated duodenal 
content 

Thirty-three normal individuals secreted an average of i8 milliequivalents 
of hydrochloric acid, and 14 gastric ulcer patients 178, or almost an identical 
amount In contrast to this, 135 patients with duodenal ulcers secreted 60 
milliequivalents, or three times the noimal value Eight patients with both 
gastric and duodenal ulcers secreted 42 milliequivalents of hydrochloric acid 
In the duodenal ulcer patients the nocturnal acid secretion was reduced to ii 
milliequivalents by vagotomy, or less than the normal level, and in the gastric 
ulcers the secretion of acid was almost abolished In the patients with both 
gastric and duodenal ulcers there was also a marked reduction m acid secretion 
to 5 5 milliequivalents 

Several recent authors^’ ® have called attention to striking differences in 
gastric and duodenal ulcers with respect to total incidence, sex incidence, 
response to therapy, and other factors Surgeons have been impressed with the 
fact that whereas gastrojejuiial ulcers frequently were seen following gastro- 
enterostomy or small gastric resections for duodenal ulcer, they were almost 
never seen when similar operations were done for gastric ulcer Differences 
have now been demonstrated in gastric secretion and m the response of these 
lesions to complete vagotomy Can these observations be harmonized with the 
experimental studies on the pathogenesis of ulcer ^ 

The capacity of pure gastric juice to erode the normal mucosa of the 
stomach and intestines and thus produce a progressive peptic ulcer has been 
amply demonstrated by controlled experiments m laboratory animals Ulcers 
do not appear under normal conditions because the gastric content is made 
up of not only gastric juice but substances such as food, saliva, pyloric mucus, 
and duodenal secretions which dilute and buffer the pepsm-hydrochloric acid 
These neutralizing factors constitute a local protective mechanism against 
ulcer formation which is usually adequate Removal of the duodenal secre- 
tions from the upper intestinal tract reduces the efficiency of this protective 
mechanism, and when this is done m experimental animals as m the method 
of Mann and Williamson,® ulcers regularly are produced A defect of this 
type has been demonstrated to occur only rarely in man® and probably plays 
a small role m the clinical problem of ulcer disease A decreased production 
of gastric mucus, which comes chiefly from the antrum, has been sought for 
m ulcei patients, and while some suggestive findings have been reported 
no definite conclusions can be made On the othei hand, an increase in the 
corrosive properties of the gastric content due to hvpersecretion of gastric 
juice in response to the physiologic stimulus of food, and more importantly 
m the empty stomach as well, has been demonstrated in the great majority 
of duodenal ulcer patients An excessive nocturnal secretion m these cases 
has been almost invariably present m our experience " ® Both the hypersecre- 
tion of the empty stomach and the exaggerated response to food intake have 
been abolished by complete removal of the vagus innervation of the stomach, 
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indicating that they are of neurogenic origin Usually, relief of ulcer distress 
and objective evidence of healing have paralleled the decrease in acid in the 
gastric content, and both may be ascribed to this effect 

In gastric ulcer, however, a hypersecretion of gastric juice has not been 
found, and as a consequence the corrosive properties of the gastric content due 
to the concentration of hydrochloric acid and pepsin are not greater than in 
normal individuals This would suggest that these ulcers are due to a local 
loss of resistance to gastric digestion, which may in some cases be vascular 
thrombosis, as called for in the theory of Virchow and Hanser and exempli- 
fied in case W B m this report 

We cannot conclude that digestion of the gastric wall by pepsin-hydro- 
chlonc acid plays no role in the genesis of gastric ulcers, since as W L 
Palmer® has repeatedly pointed out, acid is always present in these cases if 
carefully looked for, and medical management with antacid therapy cures 
many of them Also it should be pointed out that most of the gastric ulcers 
m our series healed following vagotomy, and that this healing was usually 
accompanied by a marked reduction or abolition of free acid in the night 
secretion 

The concept of a pnmar}'^ difference in pathogenesis between gastric and 
duodenal ulcers may be useful in directing therapy Hypersecretion with result- 
ant increase in the corrosive properties of the gastric content in duodenal 
ulcers calls for measures to reduce the hypersecretion Since this hypersecre- 
tion IS neurogenic in origin, vagotomy appears to be the logical procedure 
Vagotomy is clearly less indicated in gastric ulcers, since hypersecretion is 
not present, and in any case the possibility of cancer dictates a partial gastrec- 
tomy whenever practicable 

Gastrojejunal ulcer clearly belongs with duodenal ulcer in pathogenesis 
Here a previously normal aiea of jejunal mucosa succumbs when exposed to 
the digestant action of the gastric content It is not digested away by the 
normal content, as is evidenced by the absence of stoma ulcers when gastro- 
enterostomy is done for gastric ulcers or pyloric cancers, or when performed 
in normal dogs Stoma ulcers are commonly found following gastroenter- 
ostomy in duodenal ulcer patients with excessive nocturnal secretion The 
fact that antrum resection does not prevent gastrojejunal ulcers is further 
evidence that nervous factors aie more important in these lesions, and this 
conclusion is borne out by the favorable response of these ulcers to vagotomy 

A deleterious effect of gastric stasis is indicated m this study The patient 
who developed a gastric ulcer foui )'^ears after vagotomy for duodenal ulcer 
had persistent severe retention Although he had a stenosing duodenal ulcer, 
a supplementary gastroenterostomy was not performed because the vagotomy 
was done by the transthoracic approach and at that stage in our study it was 
considered essential to determine the effect of the vagotomy alone Two of 
the patients with gastric ulcers that failed to heal following vagotomy had 
persistent gastric stasis A supplementary gastroenterostomy was not usuall) 

852 



Volume 130 
dumber 4 


RECURRENCE OF GASTRIC ULCER AFTER VAGOTOMY 


done m patients with gastric ulcers because this was thought to be unwise 
in the absence of organic obstruction 

While the major cause of gastric stasis following vagotomy is undoubtedly 
the marked reduction in the tonus and motility of the body of the stomach 
following the procedure, an important factor in many cases is pylorospasm 
of varying degree This is indicated by the fact that when gastroenterostomy 
was performed m addition to vagotomy in 262 patients in our series, retention 
m the immediate postoperative period was less and resumption of normal 
emptying occurred sooner than in those with vagotomy alone Since we are 
now persuaded that vagotomy protects against the development of gastro- 
jejunal ulcer, posterior gastroenterostom}^ has been adopted as a routine 
procedure when vagotomy is performed for duodenal ulcer It is quite pos- 
sible that had gastroenterostomy been done in addition to vagotomy in the 
gastric ulcers m this senes, the results might have been better 

In a recent reporU“ Fmsterer gives an account of 614 operations he has 
performed on ulcers in the region of the cardia In 79 of these, the ulcer was 
left m situ and the lower half of the stomach removed after the method of 
Kelhng and Madlener The operative mortality was 5 per cent, and about 90 
per cent of the patients remained free of pain The beneficial effect of this 
operation probably depends on the reduction in gastric secretion secured 
through removal of the antrum In a series of experimental studies, my 
associates E R Woodward and R R Bigelow, and I have recently deter- 
mined that of the total gastric juice produced m dogs, roughly 40 per cent is 
secreted in response to vagal stimuli, 40 per cent from the stimulation from 
the antrum, and 20 per cent from the intestines It is accordingly probable that 
vagotomy produces just as great a reduction m gastric secretion m gastric 
ulcer patients as would be secured by the Kelhng-Madlener operation, and if 
combined with a gastroenterostomy to control the factor of pylorospasm, 
would accomplish just as much by a more conservative operation 

CONCLUSIONS 

1 In a group of 17 patients with gastric ulcers treated by vagotomy 
alone, the ulcer failed to heal or recurred m five or 29 per cent In three of 
these the vagotomy was complete 

2 In a group of 197 patients with duodenal ulcers treated by vagotomy 
alone, gastric ulcers subsequently developed in two, although the vagotom\ 
was complete and the nocturnal hypersecretion abolished in both instances 

3 In a group of 262 patients with duodenal ulcers treated bv vagotomy 
and gastroenterostomy, no gastric ulcers have so far appeared 

4 In patients with duodenal ulcers, and in those with co-existmg duo- 
denal and gastric ulcers, the output of hydrochloric acid in the nocturnal 
fasting secretion is fiom three to four times the amount in normal indi- 
viduals 

5 In patients with gastric ulcers the output of hydrochloric acid in the 
nocturnal fasting secretion is the same or less than that in normal people 
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6 Complete vagotomy produces a much greater decrease m the output 
of hydrochloric acid in duodenal than in gastric ulcers (a ratio of 49 to 164 
milliequivalents) 

7 The absence of gastrojejunal ulcers following partial gastrectomy 
or gastroenterostomy for gastric ulcer or pyloric cancer in man or followng 
gastroenterostomy in dogs indicates that the jejunal mucosa can resist the 
digestant action of the gastric content when the secretion of gastric juice is 
within the normal range, or depressed 

8 The frequent occurrence of stoma ulcers following gastroenterostonn 
01 antrum resection for duodenal ulcers indicates that the jejunal mucosa 
cannot resist the digestant action of the gastric content when hypersecretion 
exists, and furthermore, that this hypersecretion is not abolished by removal 
of the antrum 

9 The healing of duodenal ulcers following vagotomy and the absence 
of gastrojejunal ulcers following combined vagotomy and gastroenterostomy, 
indicates that both of these ulcers are due to the increased corrosive properties 
of the gastric content as a result of hypersecretion 

10 The absence of hypersecretion in gastric ulcers suggests that these 
lesions are not due to an increase m the corrosive properties of the gastric 
content but rather to a decrease in resistance on the part of the gastric wall 

I r Vagotomy is not indicated m the treatment of gastric ulcers because 
hypersecretion of neurogenic origin is not present, and because sub-total 
gastrectomy may accomplish something m the way of therapy should the 
lesion prove to be cancerous 

12 For juxta-esophageal ulcers vagotomy and gastroenterostomy lyill 
probably accomplish as much as the Kelhng-lMadlener operation Total 
gastrectomy is not warranted in these cases in the absence of proved cancer 
Sub-total gastrectomy does not remove these lesions with a sufficient margin 
to have therapeutic significance should the disease prove cancerous 
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Editorial . . 

The Place oe Research in a Surgical 
Training Program 

Ir IS SLLi LviDLN J that all surgeons will not be pioductive investigators 
Even among those selected for residencies in teaching hospitals, theie aie 
many who will not be of much value to society m this way The questions 
arise, therefore, why place so much emphasis on reseaich in the training of 
young surgeons^ Would it not be better to segregate those with an interest and 
aptitude for lesearch from the others^ Would it not be better to detach 
those who are interested from clinical training for periods of investigation, so 
that their research activities will not interfere with the smooth functionins: 
of a clinical service^ 

There is, of course, no one set of answers to these questions The value of 
an outstanding contribution to surgical science is so great as to be hard to 
overestimate Therefore, those institutions so situated as to be in the forefront 
of scientific advance are certainly justified in planning their overall programs 
so as to enhance the probability of successful research as far as possible They 
often need their residents to provide the medical man powei requiied 

Another consideration stems from the fact that much which is published as 
new and worthwhile is little more than conjecture and opinion It is obviously 
important that clinicians wdio are not investigators themselves, nevertheless 
develop judgment and skill in evaluating the w^ork of others Probably nothing 
gives quite so much insight in this regard as the experience of collaborating in 
a lesearch project at first hand 

Thus, in teaching hospitals with research facilities, we have tw^o good 
reasons for expecting men taking surgical training to participate in research 
activities, first, to provide the man hours to carry forw^ard such work and, 
second, to give the trainee experience which will strengthen his critical judg- 
ment of investigative work 

There are other possible reasons for exposing such a compaiatively large 
group of men to this type of experience Occasionally an able man without 
much interest in original w'ork will catch the fire of an older investigator and 
develop an interest of his own This is rare in our experience, but it is com- 
mon for those w^ho have an interest to find it strengthened through use or for 
It to fade out through disuse More important is the mind set which one gets 
toward his clinical work in an institution where everyone is trying to add to 
the sum total of surgical knowledge, that is, to do more for patients than 
established methods have accomplished in the past This is essential in the 
training of the best clinicians, yet it is derived for the most part from a spirit 
of investigation 
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In those institutions in which almost all surgical trainees are expected to 
share in the responsibility for the advance of knowledge, the question arises as 
to how this IS best accomplished Should a man be allowed to concentrate 
entirely on his clinical work for a stretch of time and then be provided with 
leisure for full time research, or should he be expected to carry both con- 
currently ^ Heavy as the pressure of clinical work may be on the trainee, it is 
not likely to be less demanding when his training is finished and he is -well 
established as a clinician in his own right Therefore, it seems to this author 
that unless a man learns to carry a load of investigative work concurrenth 
with clinical work during his residency, it is not likely that he will get any 
research done after his training is completed unless he becomes a full time 
investigator 

On the other hand, if both activities are to be engaged in concurrently, it is 
essential that the clinical load be shared widely enough so that it does not 
require all the time and energy of the individual When the clinical load is 
permitted to approach this latter level, the ability to make progress nith a 
research problem becomes a function of stamina and work tolerance rather 
than a function of originality and perspicacity 

The whole question of the place of the clinician m research is one that 
demands careful consideration While a period of clinical work may be helpful 
m the orientation of a full-time laboratory' investigator, the major advantage of 
combining research and clinical training seems to consist m having men with 
knowledge of and capacity in research methods in daj to day contact with 
the problems of the patient It should be their special opportunity to recognize 
significant problems and to pick out those which may be susceptible of solu- 
tion by the technics made available by full time laboratory investigators 

To the extent that this generalization is true, it would seem that m surgery 
we should aim, not exclusively, but for the most part, to tram investigators 
who null remain in clinical work While periods of full-time research often 
have a place as part of the training program, periods of full time clinical work, 
from which research is excluded, are not conducive to the training of men 
who are to continue in investigative Avork after they become clinicians in their 
own right It is of the greatest importance that they form a strong habit of 
devoting time to the search for new knowledge at the same time that thej 
perform their clinical duties carefully and conscientiously 

Jonathan E Rhoads 
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THE CAUSE OF DEATH IN STRANGULATION OBSTRUCTION 

AN EXPERIMENTAL STUDY 

I CLINICAL COLTRSE, CHEMICAL, BACTERIOLOGIC AND 
SPECTROPHOTOMETRIC STUDIES 

Paul Nemir, Jr , M D , H R Hawthorne, M D , 

Isidore Cohn, Jr , M D and David L Drabkin, M D 

PiriLADELPlIIA, Pa 

PROM THE HARRISOV DEPARTMENT OE SURGICAL RESEARCH SCHOOL OE MEDICINE AND 
THE DEPARTMENTS OE SURGERY AND PH\ SIOLOGICAL CHEMISTR'i GRADUATE SCHOOL 
OF MEDICINE UNIVERSITY OF PENNSYLVANIA PHILADELPHIA 

The MORI alii y in acute intestinal obstruction has decreased fiom 
around 6o per cent at the turn of the century to lo to 2o per cent in the 
larger clinics at the present time (Table I) A comparison of different series 
of cases from the same clinic over the period of years further demonstrates 
this decline — University of Pennsylvania Massachusetts General Hos- 
pital Johns Hopkins Hospital,’’-® University of Minnesota Hos- 
pitals 

This decline in mortality, however, has been manifested more in cases 
of simple obstruction than in strangulation obstruction In 1947, Ehason 

and Welty^® reported a moitality of only one per cent in those cases of 
obstruction not complicated b}’ sti angulation or carcinoma On the other hand, 
even as late as 1940, Schlicke, Bargen and Dixon^’ reported a mortality of 
56 per cent of those cases wheie gangienous bowel was found at operation, 
and even more recent reports showed a mortality of 20 to 40 per cent in 
this group of patients It is of particular interest to note that although 
at the present time interference with the circulation occurs in only 17 to 33 
per cent of the total cases,^® the mortality ranges between 25 and 40 per 
cent, and these cases account for more than half of the total deaths reported 
in the various series The continued high mortality in cases of strangu- 

lation obstruction indicates that factors other than those amenable to present 
improved methods of management exist in this condition 

We have investigated the problem of strangulation obstruction utilizing 
ceitain of the newer concepts of management in an attempt to further clarify 
the cause of death Following the creation of a strangulated ileal obstruction 
in dogs, the animals were treated for hemorrhage, shock, dehydration and 
electrolyte loss, and studies were made on the blood, peritoneal fluid, and 
gut contents 

* Aided by a grant from the National Drug Co, Philadelphia, Pennsyhania Sub- 
mitted for publication April, 1949 
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METHODS 

Seven carefully selected, vaccinated, dewormed adult mongrel dogs weigh- 
ing between 9 4 and 17 o Kg were used in this experiment Following a 24 
hour peiiod of starvation, the animals were operated upon under Na pento- 
barbital (240 mg per Kg ) anesthesia Samples of blood for control chemical 
studies were taken on the day before or the morning of operation Strict 
aseptic technic was used throughout All the omentum distal to the spleen 
was excised in older to facilitate the withdrawal of peritoneal fluid and to 
obviate the omentum as a source of revasculai ization of the strangulated 
segment At a point between 100 and 150 cm from the ligament of Trietz, 
the bowel was severed and the cut ends closed by the Parker-Kerr technic 
(Fig i) Fifteen centimeters above the proximal closed end a 30 cm seg- 
ment of bowel was strangulated by doubly ligating the veins in the base of 
the mesentery The communicating arteries and veins at either end of the 


Table I 


Year 

Period 



No of 

Reported 

Covered 

Author 

Hospital 

Cases Mortalitj 


% 


1888 

1880-1883 

Fits' 

Collected 

146 

70 0 

1900 

Up to 1900 

Gibson^ 

Collected 

1000 

43 0 

1908 

1898-1907 

ScudderS 

Mass General 

121 

60 0 

1920 

1908-1917 

Richardson' 

Mass General 

118 

50 0 

1921 

1912-1921 

Finney* 

Johns Hopkins 

245 

36 0 

1925 

1900-1925 

Van Buren and Smith" 

Collected 

1089 

41 8 


1914-1923 


Presbj tenan 

174 

58 0 

,1929 

1905-1922 

North’ 

Univ of Pa 

200 

30 S 

1925 

Up to 1925 

Souttar* 

Collected 

3064 

32 0 ' 

1929 

1922-1928 

Brill* 

Univ of Pa 

124 

36 3 

1932 

1918-1927 

Mclver'" 

Mass General 

335 

3L 0 

1929 

1924-1929 

Milfer" 

Charity Touro Infir 

343 

"61 0 

1934 

1922-1932 

Christopher and Jennings'" 

Evanston 

127 

44 9 

1938 

Up to 1938 

Scudder'* 

Collected 

2150 

24 0 

1938 

1931-1938 

Wangensteen" 

Univ of Minn 

156 

17 9 

1940 

1936-1939 

Johnston'* 

Wayne Univ 

63 

19 1 

1940 

1927-1938 

McKittnck and Sams'* 

Mass General 

136 

20 0 

1940 

1938-1939 

Schlicke Bargen and Dixon'* 

Mayo Clinic 

166 

22 0 

1943 

1938-1942 

Dennis and Brown'* 

Univ of Minn 

no 

IS 5 

1947 

1934-1943 

Eliason and Welty'* 

Univ of Pa 

292 

11 0 

1946 

1936-1945 

Cahhan Kennedy and Blain’* 

Johns Hopkins 

204 

20 0 

1946 

1943-1945 

Moses"' 

Gallinger Municipal 

118 

8 0 


strangulated segment, lunning parallel and adjacent to the bowel on the 
mesenteric bordei, w^ere severed and doubly ligated A segment of plastic 
tubing was threaded through normal bowel into the strangulated segment, 
two multiperforated latex tubes were placed in the lateral gutters, all tubes 
were brought out onto the anterior abdominal wall through stab wounds, 
and the abdomen was closed At the conclusion of the procedure the strangu- 
lated segment was invariably dusky blue in color, and in some cases had 
begun already to exude a pink seious transudate 

Another segment of plastic tubing was then threaded thiough the jugular 
vein into the superior vena cava, anchored to the skin, and then connec e 
to a gravity drip, thus enabling the animal to receive large amounts of nui s 
constantly while moving freely about m his cage 

Parenteral fluid administration was begun at operation and continued con 
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stantly tin oughout the period of survival, the amount and type of fluid, ? e , 
blood, glucose and saline oi gelatin, being determined by the hematocrit and 
hemoglobin at two or four hour intervals and by the clinical condition of the 
animal Postoperatively, usually at foui hour intervals, the peritoneal cavity 
and gut were aspirated, and blood samples were withdrawn from the femoial 
artery for serial studies In all instances all the peritoneal fluid obtainable 
fiom the latex tubes at each interval was removed under sterile conditions 
In SIX of the seven animals, only several cubic centimeters of bowel contents 
were removed for chemical determinations In the lemainmg animal (No 
347), the gut contents were evacuated as completely as possible at four hour 
intervals Blood and peritoneal fluid cultures were taken at various intervals, 
and gut contents were cultured just prior to death m a number of the animals 



Fig I — Photograph of strangulated segment of bowel from dog No 331 The 
distal turned in end was sutured to the side of the proximal closed end m order to 
prevent intussusception This was the usual picture noted in five of the seven 
dogs (see text) 

The following chemical determinations were done specific gravities,-^ 
proteins urea nitrogen nonprotein nitrogen creatinine uric acid p' 
total nitrogen ,2® ammo acid nitrogen amylase,®^ lipase ,^2 chlorides , 3 ^ 
calcium , 3 ^ COo combining poM^er pH potassium^ ' and spectrophotometric 

studies 

^ The absorption spectrum curves are plots of ji actional molcculai extinction 
coefficients, e (at concentration, C= i mM per liter, and at depth, d= i cm), against 
wave-length in mu, e is a negative logarithmic function of the amount of light trans- 
mitted by the solution, much the same as pH is tlie negative log of H^ the hydrogen ion 
concentration, e, not the light transmitted, is proportional to the concentration Molar 
concentrations of reference for hemm derivatives refer to the weight containing one iron 
atom, in the case of hemoglobin the equivalent weight is 16,700, and i mAI per liter 
equals 16 7 Gm per liter, or i 67 Gm per 100 ml The milhmolar concentration has 
proved convenient and unequivocal for the spectrophotometric notation of the various 
hemm derivatives 2®“ Since hemoglobin, hemin and hemochromogen derivatives may be 
converted respectively to spectroscopically practically identical cyan-methemoglobm,®®'^ 
hemm dicyanide,®®'’ and hemochromogen monocyanides,®®'' the cyanide derivatives were 
used for the quantitation of total hemm pigments in the various samples 
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The comparison of the absorption spectrum data upon the peritoneal fluid 
and gut contents with known hemoglobin deiivatives was materially aided 
by reliable information upon the latter, available from extensive nork in the 
laboratory of one of us (DLD) 

CLINICAL COUKSB 

Six of the seven animals responded in similar manner to the procedure 
and died between 28 25 and 48 hours after operation, with an average survival 



Fig 2 Fig 3 


Fig 2 — Photograph of the strangulated segment from dog No 365 This 
segment measured 75 o cm m length 

Fig 3 — Photograph of the resected segment of bowel from dog No 295 The 
strangulated segment measured only 25 o cm m length and was markedly thickened 
The sharp line of demarcation is clearly shown 

tune of 36 houis This lepiesents a definite piolongation of life, for in un- 
treated animals with a similar length ot stiangulated gut death usually occurs 
between seven and 24 hours These dogs exhibited a black, necrotic, 
gangrenous, nonpei foi ated, elongated, dilated®'’’ segment of gut The 

loops were elongated some 25 to 50 per cent, and the wall was moderately to 
markedly thinned out (Fig l), but m no case had perforation occurred There 
was an extremely sharp line of demai cation above and below the strangu ate 
segment, and we found none of the changes in normal bowel described b) 
Moon and Morgan One of these six animals (No 365) demonstrate a 
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volvulus at autopsy, with a venous obstruction to the proximal obstructed 
bowel distal to the segment which had been purposely strangulated The 
strangulated segment in this animal measured 75 o cm in length (Fig 2) 
As there was no evidence of leakage at the proximal turned-m end nor at the 
entiance of the tube into the gut, this animal is included in the series and 
merely represents a more extensive strangulation 

The seventh animal (No 295) lived for 75 houis, at which time lesection 
of the strangulated segment was performed The lesected segment was 
hlackish blown m coloi, extremely thickened, and measured only 250 cm 
111 length (Fig 3) 

The peiitoneum m all cases revealed mild mflammatoiy changes and 
plastic exudate in the legion of the loop, but in no case were necrotic areas 
present The pictuie was never that of a bacterial peiitomtis 

Postoperative!}, the animals remained in lelatively good condition, moving 
freely about m the cage up until one to four hours of death At this time a 
stiikmg change occuired The animals obviously became sitkei Retching and 
vomiting, which had begun in all cases between eight and 14 hours, consisting 
of a foul smelling bloody fluid, became seveie and constant This final peiiod 
was quite similai to that ohseived by Blain ef and Blam and Kennedy^® 
m their dogs Death occurred very suddenly and was preceded by convulsive 
movements of the extremities and gasping respirations Femoral arterial pul- 
sations were easily palpable m all cases up until several minutes 'of death, 
and the animal did not appear to be m clinical shock Five of the six animals 
which died developed a terminal rise in the temperature to 103 to 1076® F 
just before death, and thiee of these were ovei 105° F 

It may be noted m Table II that the hematocrit and hemoglobin values 
were well maintained thioughout the course of survival, only one animal (No 
347) showing a moderate fall Large amounts of fluids weie lequired to 
maintain the animals The total fluid intake langed between 3000 and 6700 cc 
Administration of whole blood varied from 150 to 720 cc per Kg per 24 
hours and of 5 per cent glucose m saline fiom 100 to 340 cc pei Kg per 24 
hours The amount of peritoneal fluid removed ovei the couise of survival 
varied from 603 to 1573 cc 

A study of the gut contents and peritoneal fluid levealed a constant 
sequence of events which was borne out by detailed chemical, bactenologic, 
and spectrophotometnc studies 

Within two to foul houis after operation a small amount of reddish-black, 
odorless, coagulable fluid with a specific giavity between 1030 and 1040 and 
a hemoglobin content similar to that in the blood was aspirated from the 
strangulated gut lumen The amount of this fluid enteimg the lumen vas 
small at first but increased as the damage to the gut wall inci eased At around 
12 hours this fluid became black in color, noncoagulable, had a foul odor, and 
the specific gravity fell to between 1015 and 1024 Fiom this point on the 
gloss chaiactei of the fluid did not change, but the volume markedly increased 
This latei fluid in the gut lumen has been similarly described in strangulated 
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closed loops,®®’ m simple strangulation obstruction^'^’ and in 

isolated jejunal loops 

On the other hand, the peritoneal fluid at two to four hours was pink or 
strawberry colored, clear, odorless, and had a speciflc gravity between 1019 
and 1027 The physical properties as well as the chemical studies (Table III, 
Fig 4) revealed that this fluid owed its character to the presence of blood 
and unchanged hemoglobin and, as shown by Laufman and Method,®® ap- 
parently was derived eaily almost entirely from the serosal side of the strangu- 
lated gut This continued to be the type of fluid recovered from the peritoneal 


Table II — Intake and output data, hemoglobin and Hematocrit Readings on the 

Strangulated Animals 


Length Fluid Intake 

of Change 

Survival First Blood Glucose Saline Gelatin 

in Noted 


Dog 

Hours 

(Hour) 

cc /L of S 

cc /Kg /24h 

cc /L of S 

cc /Kg /24h 

cc /L of S 

cc /Kg /24h 

331 

42 

36 

1085 

65 

5525 

340 


6 

237 

48 

48 

660 

24 



340 

12 


32 

28 

980 

72 

2425 

182 


15 

357 

35H 

34 

695 

31 

2275 

101 


5 

347 

30 

29 

805 

38 


104 


19 

295 

75=^ 


550 

15 


120 


5 

365 

28M 

28 


SO 

2455 

125 

330 

17 


Output 


Peritoneal Fluid Gut Contents Urine and Vomitus Hematocrit Hemoglobin 


/L of S 

cc /Kg /24h 

cc /L of S 

cc /Kg /24h cc /L of S 

cc /Kg /24h 

Initial 

Terminal 

Initial Terminal 

1080 

65 

87 

5 

4040 

245 

55 

57 

20 

19 

603 

22 

53 

2 

2450 

89 

47 

54 

16 

18 

1400 

106 

38 

3 

1495 

113 

41 

46 

14 

16 

1098 

48 

47 

2 

1290 

58 

39 

40 

13 

14 

845 

41 

535 

26 

615 

29 

56 

37 

19 

13 

674 

18 

115 

3 

2425 

65 

45 

43 

IS 

15 

1573 

80 

247 

12 

1380 

70 

52 

49 

18 

16 


This animal never developed the fluid change, and the strangulated segment was resected at 75 hours 


cavity for a relatively long period of time During the early stages this fluid 
was veiy abundant but decreased as the process progressed, possibly due to a 
thrombosis of the serosal vessels®® or of the mesenteric veins proximal to the 
ligature ®®’ At variable stages, corresponding closely with the abrupt change 
in the clinical condition of the animal, the fluid recovered from the peritoneal 
cavity changed to a reddish black and later to a black fluid very similar in 
its physical and chemical characteristics to the bowel contents (Table III) 
(Fig 4) The death of the animal occurred within one to four hours after 
the appearance of this fluid in the peritoneal cavity The animal, which lived 
for 75 hours and was then reoperated upon, never developed the black fluid 
either in the gut or in the peritoneal cavity Undoubtedly some degree of 
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Fig 4 — Character and identihcation of absorption spectrum cur\es obtained from 
peritoneal fluid formed after the experimental intestinal strangulation (C, E, and F) and 
from the contents of the strangulated bowel segment (D) Absorption spectrum curies 
obtained from blood or derived from the hemoglobin of blood are presented for com- 
parison (A and B) 

A — Curve i, HbOo, oxyhemoglobin,®*’ Curve 2, MHbaik , alkaline methemoglobin, 
pH 9 15 Curve 3, Ox He , oxidized globin hemochromogen or globanferriprotopor- 
phynn Curve 4, Ox Hm , oxidized hemin or fernhemin Curve 5, Por^ik , alkaline 
porphyrin 

B — Curve i, MHbCN, cyanmethemoglobin ,®® HmCN, hemin diacyanide or HcCxs, 
monocyande derivative of oxidized globan fernprotoporphynn cyanide, ®-> derived 
respectively from i or 2 in A, 4 in A, and 3mA, Curve 2, Hb, reduced or deoxygenated 
hemoglobin, derived from i or 2 in A by addition of hydrosulfite, Na2S204, Curve 3, 
Red He (reduced globin hemochromogen or globan ferroprotoporphyrin®^' derived 
from 3 in A by addition of Na2S204, Curve 4, Red Hm (reduced hemin or ferro- 
hemin,®! derived from 4 in A by addition of Na2S204) 

C — Absorption spectrum curves of peritoneal fluid (from dog No 357) removed at 
different times following establishment of strangulation obstruction The 
trate the abrupt appearance (reflected in the abrupt change in color from “pink” to black; 
of the abnormal spectrum, Cun'e 4 Curve I, unchanged oxyhemoglobin (same as i m 
A) , Cune 2, at 4 hours, original total pigment concentration as ilHbCN equals 00^ 
Gm per 100 ml , Curve 3, at 32 hours, original total pigment concentration as klHbuiN 
equals o 38? Gm per 100 ml , Curve 4, at 35 hours, original total pigment concentration 
as MHbCN equals i 14 Gm per 100 ml (I egend continued on opposite page ; 
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revasculanzation occuiiecl in the strangulated loop of this animal Micro- 
scopically, the mucosal layer ivas intact wheieas m the animals which died 
varying degiees of dcbtiuction weie present 

CHEMISTRY 

Blood No significant change was noted in the chlorides, calcmm^L ■is 
potassiunm’^ The CO2 combining powei was model ately decreased 
amylase 111 the blood was deci eased maikedly within 12 to 24 hours following 
anesthesia and opei ation Eight hours aftei strangulation the sei um lipase 
uas I o cc 01 above in thiee of the six animals in which studies were made, 
and in one of the thiee it was also elevated at death We have attached much 
accuiacy to oui detei minations of seium lipase in the dog^^ and feel these 
elevations to be significant 

Penioncal flmd The protein content of the peritoneal fluid was in most 
instances between 3 4 and 4 5 Gm pei 100 cc The hematocrit of the eaily 
peiitoneal fluid usuall} langed from one up to less than six although in one 
animal (No 347) values of 14 to 28 weie obtained No hematocrit leadings 
could be obtained in the 1 eddish black or black peiitoneal fluid The chloride 
content of the peiitoneal fluid was slightly highei than that of the blood, and 
m two animals peiitoneal fluid potassium levels weie not elevated"® The 
amylase m the eaily peiitoneal fluid varied diiectly with that of the blood 

Nifjogen studies in bloody peiitoneal flmd and gut contents We attach 
no significance to slight variations in the uric acid and cieatinme which wo. 
obtained (Table III), and in no case did we find values for cieatinme as high 
as those leported b}^ Cooke, Rodenbaugh and Whipple In all the dogs wdneh 
died, except the animal wntli the 750 cm strangulation (No 365), there was 
a slight to model ate inciease in the blood uiea nitrogen®'^ and blood nonprotein 
nitrogen The inciease aveiaged 65 pei cent foi the blood urea 

nitrogen and 55 pei cent for the nonprotein nitrogen In the peritoneal fluid 


D — ^Absorption spectrum curves of contents of strangulated bowel segment (from 
dog No 357), showing progressive change at an appreciabljf earlier time than in the 
peritoneal fluid (curves m C) toward fluid with the characteristic abnormal spectrum 
Curve 1, unchanged oxyhemoglobin (same as i m A) , curve 2, at 12 hours, ongmaj 
concentration of total pigment as MHbCN equals 081 Gm per 100 ml , Curie 3, at 27 
hours, original concentration of total pigment as MHbCN equals 2 ^ Gm per 100 ml , 
Curve 4, at 35 hours, original total pigment concentration as MHbCA equals 2 14 Gm 


per 100 ml . „ , /r , ^ < 

E —Identification of spectrum of “pmk” peritoneal fluid (from dog No 230) as thal 
of unchanged oxyhemoglobin Curve i, at 24 hours, original concentration of total pig- 
ments as MHbCN equals 0432 Gm per too ml , pH equals 8 0 (compare wiUi cur\e i m 
A) Curve 2, obtained after addition of solid cyanide to solution yielding Cur\c i (no 
change) , Curve 3, obtained after addition of solid Na2So04 to solution yielding Cunc i 
(compare with Curve 2 m B) , Curve 4, obtained after addition of ferncjanide (for 
oxidation) and cyanide to solution yielding Curve i (compare with Curve i in B) Prac- 
tically the same curve as i was obtained from a specimen removed at 28 hours 

F— Abnormal behavior of pigment in “black” peritoneal fluid (from dog No 23-,) 
towards addition of cyanide or Na2S204 Curve r, at 32 hours, original concentration of 
total pigment as MHbCN equals 446 Gm per too ml pH equals 9 2 (compare with 
Curve 4 in C and D) , Curve 2, obtained after addition of solid cyanide to solution Tie d- 
mg Curve i (see the text) , Curve 3, obtained after addition of solid Na2S204 to solu- 
tion yielding Curve i (see the text) 
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of the same group of animals the urea nitrogen showed an average increase 
of 362 per cent and the nonprotein nitrogen of 353 per cent It will also be 
noted that this increase was not a gradual one but occurred suddenly during 
the late stages after the black fluid had appeared The urea nitrogen and non- 
protem nitrogen of the gut contents showed an average increase of 704 per 
cent and 309 per cent respectively Here, also, it would seem that a late in- 
crease occurred (No 237) 


Tabie IV — Bactenologxc Studies on the Blood, Peritoneal Fluid and Gut Contents 


Peritoneal Fluid 


Dog No 

Pmk 

Black or Red Black 

Blood 

Gut Contents 

331 

Hemo Clostridia 

B coh 

Strep vindans 

Hemo clostndia 

B coh 

Non-hemo strep 

Negative throughout 


237 

Hemo clostndia 

B coh 

Salmonella 

Non hemo strep 

Hemo clostndia 

B coh 

Salmonella 

Non-hemo dost 
Non-hemo strep 

36 h — negative 

48 h — B Coh 

Non-hemo clost 


235 

Hemo clostndia 

B coh 

Hemo strep 

Non hemo strep 

Hemo clostndia 

B coh 

Hemo strep 

Non hemo strep 

Non hemo dost 

Negative throughout 


357 

Hemo clostndia 

Hemo clostndia 

32 h — Negative 

Hemo clostndia 


B coh 

B coll 

34 h — A aerogenes 

B coil 


Hemo strep 

Hemo strep 

35 h — Hemo clostndia 

Hemo strep 


Non hemo strep 

Non hemo strep 

B coll 

Non-hemo strep 


Non-hemo dost 

Non hemo dost 

Hemo strep 

Non hemo dost 


A aerogenes 

A aerogenes 

B proteus 

Non hemo strep 
A Aerogenes 

B proteus 

A aerogenes 

B proteus 

347 

Hemo clostndia 

B coh 

Non hemo strep 
Non hemo dost 

A aerogenes 

Hemo dostridia 

B coh 

Hemo strep 
Non-hemo strep 
Non-hemo dost 

B proteus 

Negative throughout 

Hemo clostndia 

B coh 

Non hemo strep 
Non hemo clost 

B proteus 

295 

Hemo clostndia 

B coh 

Hemo strep 

Non hemo strep 
Non-hemo dost 
Eberthella 


Negative throughout 

Hemo clostndia 

B coh 

Hemo strep 

Non hemo strep 
Non hemo dost 
Eberthella 

365 

Hemo clostndia 

B coh 

Hemo strep 
Non-hemo strep 

A aerogenes 

Hemo clostndia 

B coll 

Hemo strep 

A aerogenes 

Negative throughout 

Hemo clostndia 

B coh 

Hemo strep 

Non hemo strep 
Non hemo clost 

A aerogenes 


Bactenology The peritoneal fluid has been found to be sterile at four to 
SIX hours^®’ and even as late as 19 to 20 hours In general, we found the 
peritoneal fluid to be sterile up until 14 to 20 hours, at which time the flora 
of the strangulated gut began to appear, and the late pink peritoneal fluid con- 
tained, qualitatively at least, almost identically the same organisms as found 
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in the red-black oi black peritoneal fluid (Table IV) In three of the animals 
in which the gut contents were cultured just prior to death, the black fluid 
contained the same organisms as were found in the gut It will be noted, 
however, that in these cases the same organisms were present in the pink 
fluid as early as 20 hours In the animal which was resected at 75 hours the 
peritoneal fluid contained qualitatively the same organisms at 29 hours as 
weie recovered from the resected segment at 75 houis Hemolytic dostndia, 
B coh, and nonhemolytic streptococcus were present in the peritoneal fluid in 
all cases 

Positive blood cultures were obtained just before death in two animals 
In both cases the black fluid was present m the peritoneal cavity at the time 
positive cultures were obtained 

Spectiophoiometiic findings In Figure 4, A to F and its accompanying 
legend, typical results of the spectrophotometric measurements on the 
peritoneal fluid and bowel contents are presented together with an interpre- 
tation of the significance of the spectra The latter is aided by a comparison 
with absorption spectrum curves obtained from normal hemolyzed blood or 
derived from the hemoglobin in blood by physical or chemical treatment (A 
and B, Fig 4) The following points appear to be established unequivocally 

1 The absorption spectrum of samples of the pink or strawberry coloied 
peritoneal fluid, withdrawn sometimes as late as 32 hours aftei strangulation, 
was essentially that of unaltered oxyhemoglobin (E, Fig 4) 

2 The absorption spectrum of the black peritoneal fluid was markedly 
and characteristically different from that of oxyhemoglobin and quite identical 
with the abnormal spectrum of the contents of the strangulated bowel segment 
Detailed spectrophotometric evidence cannot be presented here, but the 
findings (in other experiments than those reported in Figure 4) lend them- 
selves to the clear interpretation that the degree of alteration of the spectrum 
of peritoneal fluid from the character of Curve 2 towards Curve 4 m C de- 
pends on the proportion of two components in the mixture, namely, the relative 
amounts of pink peritoneal fluid and black bowel contents 

3 In contrast with the abrupt late change in spectroscopic character found 
in the peritoneal fluid, the alteration towards the abnormal spectrum in the 
bowel contents was early and progressive (D, Fig 4) 

4 It may be seen that the abnormal spectra of the bowel contents or of 
the late peritoneal fluid bear a superficial resemblance to either alkaline 
methemoglobin (Curve 2 in A), or still moie closely to oxidized globin hemo- 
chromogen (Curve 3 in A) Both methemoglobin and oxidized hemochromo- 
gens should react with cyanide to yield the spectrum Vpified by cyanmethemo- 
globin (Curve 1 m B) An examination of the curves in F makes it clear that 
the abnormal spectrum of the black peritoneal fluid cannot be accounted for 
by the presence of appreciable amounts of methemoglobin or oxidized hemo- 
chiomogens, for there was unexpectedly little change after the addition of 
cyanide (2F) After the addition of Na2S204 (3F) F methemoglobin veie 
present, a change toward 2B should have been found, or if t}pical hemo 
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chromogens were present m appreciable amounts, a change toward the striking 
spectrum 3B should have been found 

The atypical behavior of the black peritoneal fluid towards cyanide and 
Na 2 S 204 suggests that w'e are dealing wuth an unusual pigment or pigments 
It should be mentioned that most of the pigment in the black bow'el contents 
and black peritoneal fluid w^ere hemoglobin or hemin derivatives since they 
lesponded typically to the addition of ferricyamde plus cyanide 

5 To conserve space the spectrophotometnc studies upon the blood have 
not been presented These demonstiate unequivocally that the abnormal pig- 
ment appeal s in the blood but only very soon after or simultaneously with its 
appeal ance in the peritoneal fluid 


DISCUSSION 

That shock through the local loss of fluid'*^ may account for death in ex- 
pel imental long loop strangulations is amply demonstrated ■^‘ 5 ' 

However, even wnth adequate treatment for shock, life is prolonged but 
little That penicillin when combined with treatment for shock, dehy- 

dration, and electrolyte imbalance may prolong life in strangulation obstruc- 
tion has been showm also and w ould indicate that bacteria or their products 
probabl}'- play a role m the cause of death Here again the protection 
afforded is limited, and the existence of some other lethal agent is furthei 
indicated by the senes heiem reported 

The lethal action of the contents of a strangulated loop of gut has been 
shown by many ■woikeis,'^®’ but heietofore theie has been no 
conclusive evidence for the absorption into the blood sti earn of the intraluminal 
contents, noi can it be stated that death wmuld result even if such substances 
weie absorbed 

The occlusion of the veins to a segment of bow'el as occurs in experi- 
mentally pioduced sti angulation piecludes this route as a source of absorp- 
tion Lymphatic absoiption has been inciiminated by some investiga- 
tors,"*®’ but others have failed to prolong life bv obstructing the lymphat- 
ics The likeliest source of absorption w’onld appear to be from the peri- 
toneal cavity How'ever, in practically all instances reported, the peri- 

toneal fluid lemoved fiom strangulated animals has proved to be nontoxic 
w’hen injected into othei animals,'*- ■*®’ '’®’ thus indicating that noxious 
agents fiom the lumen had not enteied the peiitoneal fluid or else that the 
noxious agents w^ere not piesent in sufficient amount to be lethal w’hen in- 
jected into othei animals 

Our studies have revealed that late in the course of strangulation obstruc- 
tion in animals intensively treated to avoid hemonhage, shock dehydiation, 
and electrolyte imbalance, the bow'el wmll becomes peimeable to its intraluminal 
contents, and this fluid then passes out into the peritoneal cavity and thence 
into the blood stream We believe, as do others,®®’ ■*®’ "*'’’ ‘*®’ that the pink 
peritoneal fluid is but a filtiate of the circulating blood We also think that 
the development of the reddish-black or black fluid is due to a filtration of 
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the stiangulated gut contents through the devitalized bowel w^all into the 
peritoneal cavity Even aftei the complete occlusion of the venous channels, 
evidence of peimeabihty of the gut wall to its intraluminal fluid occurred in 
none of our animals befoie 28 houis This is longei than the length of sur- 
vival of animals in wdnch shock, dehydration and electiolyte balance have not 
been combatted 

That this black fluid is a “diluted” counterpait of the gut contents is also 
shown and wmuld be expected m view^ of the continued outpouring of the 
pink 01 plasmahke fluid from the peiitoneal sui faces in the presence of a 
devitalized segment of intestine wuthin the peritoneal cavity 

The death of the animal follow^ed shortly after the development of the 
1 eddish-black 01 black fluid in the peritoneal cavity In view’^ of this fact 
and the known maiked toxicity of the lumen contents, it wmuld appear that 
some lethal factor was present m this latei fluid It is unlikely that the living 
bacteiia 01 then end products are diiectly concerned with the death of tlie 
animal While it is true that the black fluid contained, Cjuahtatively. the 
same oigamsms as did the lumen contents just before death, it must also be 
lemembeied that these same organisms w^eie piesent m the pmk fluid from 
aiound 16 to 20 hours onw'ard, yet death did not occur until a shoit time 
after the development of the black peritoneal fluid The important role of the 
organisms indiiectly by then action on the devitalized mucosa, how^evei, has 
been indicated by Sarnoft and Fine-- and Blam, et al and it is hkel} 
that the prolongation of life in the penicillin treated gioup of animals lepoited 
by Blam ef al ■*“’ was due to the fact that the destiuctive action of the organ- 
isms on the bow^el w^all w'as delayed, thereby lengthening the time m w'lnch 
the gut became permeable to its intraluminal contents 

If It IS true that a noxious agent foimed m the gut and absoibed into 
the blood stieam is the cause of death in these animals, then much clarifica- 
tion of the route of absorption is afforded by our studies Although the chai - 
actenstic luminal contents were piesent wuthin the lumen as early as 12 horns, 
death did not occur until soon after the reddish-black or black fluid had ap- 
peared m the peritoneal cavity, and in no case were w'e able to demonstiate 
spectrophotometrically the hemin or hemoglobin derivative m the blood stream 
until after it had appeared m the peritoneal cavity The absorption from the 
lymphatics of the strangulated gut wmuld, theiefore appear to be negligible 

While the characteristic absorption specti um curve tjynf) mg black bow cl 
contents and black peiitoneal fluid has been defined, the identity of the pig- 
ment or pigments responsible for the abnoi mal specti um has not been estab- 
lished It remains for future investigation to establish whether the cuive rep- 
resents hemoglobin dernatives not hitherto desciibed and originating from 
the blood pigment under the abnormal conditions in the stiangulated Iiowel 
segment, or wdiether the spectrum is that of a mixtui e of common hemoglobin 
derivatives with less usual ones Among the latter maj be mentioned sulfhemo- 
o-lobm®® and porphyrins,™ both of which tjpes of pigments could conceuabh 
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be formed in the intestine from hemoglobin At piesent we have no evidence 
that either of such pigments is involved 

It IS important to state clearly that at this stage we have no evidence 
whatever directly implicating the abnormal pigment or pigments with re- 
sponsibility for the toxicity Such close hemoglobin derivatives as methemo- 
globm are essentially nontoxic,’^^ and at present there is little evidence that 
other derivatives or lelatives of hemoglobin may be toxic, with the possible 
exception of porphyrins It is sufficient to state that the pigments responsible 
for the abnormal spectrum are contained in the black peritoneal fluid, char- 
acterize it, and give evidence for its intestinal origin 

SUMMARY AND CONCLUSIONS 

1 Late m the course of sti angulation obstruction the bowel wall becomes 
permeable to its intraluminal contents, and this characteristically colored fluid 
passes out into the peritoneal cavity and is then absorbed into the blood stream 
The death of the animal occurs soon after the appearance of this late black 
or reddish-black fluid in the peritoneal cavity 

2 By spectrophotometric anal} sis we have demonstrated that the char- 
acter of the intraluminal contents is due in part to the presence of a hemin 
or hemoglobin derivative hitherto unreported «i vivo, and by this method we 
have directly followed its passage from the gut lumen into the peritoneal cavity 
and from thence into the blood stream 

3 In view of the close correlation betw^een the appearance of the black 
peritoneal fluid and the demise of the animal, it ivould appear likely that a 
lethal agent was present m this late fluid If this is the true explanation, the 
“toxicity” of this fluid should be demonstrable on injection into recipient 
animals, and the subsequent report is concerned with this phase of the problem 
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In our first combiunication^ we showed that, late m the course of 
strangulation obstruction in dogs intensively treated for shock, dehydration, 
and electrolyte imbalance, the peritoneal fluid changed from a pink, odorless, 
coagulable fluid to a reddish-black or black, malodorous, non-coagulable fluid 
In view of the rapid demise of the animal after the appearance of the black 
fluid in the peritoneal cavity and its rapid absorption into the blood stream, 
it seemed likely that some lethal factor was present in this fluid This report 
IS concerned with the injection of the peritoneal fluid, removed from the 
strangulated animals at various inteivals, into normal animals by both in- 
travenous and intrapentoneal routes 

METHOD 

Normal, unanesthetized dogs were used as recipient animals In no case 
was the circulating blood volume decreased^ before injection The total 
amounts of fluid were in all cases delivered intrapentoneally between two 
and eight hours Intravenous injections were given either by rapid drip into 
a leg vein if the amount was large, or slowly by syringe injection if the amount 
was small Following injection, the animals ivere carefully obseiv^ed, and the 
temperatures were followed in a number of the dogs Peritoneal fluids vere 
kept in the ice box at all times between sample collection and administration 
and warmed to room temperature just before administration The fluid was, 
m all cases, injected unchanged within a few hours after collection In those 
animals which appeared to be moribund, blood was taken for culture and 
for spectrophotometnc analysis All animals, except No li, were posted im- 
mediately after death 


RESULTS AND DISCUSSION 

The injection of peritoneal fluid or gut contents from animals having a 
strangulation obstruction into normal animals has been used by many in- 
vestigators as a method of determining the toxicity of these substanc es While 

* Aided by a grant from the National Drug Company, Philadelphia, Pennsylvania 
We are deeply indebted to M W Allam, V At D , to B L Lecrone, Af S , and to Afiss 
A C Nichols for their invaluable assistance Our thanks are also due to E A Case, Af D , 
who kindly reviewed the microscopic sections Submitted for publication April, 1949 
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the ciiteria for “toxicity” have varied,^^ the peritoneal fluid almost uni- 
formly, has been shown to have essentially no effect on the recipient,-’ 
even when injected in amounts up to 200 cc ,■* and the late gut contents have 
been shown almost invariably to cause death in such small amounts as seveial 
cc s It IS of inteiest to note, howevei, that Foster and Hausler^*^ 

injected 80 to 100 cc of loop fluid, filtered through sterile gauze only, from 
strangulated dogs dying between 7 and 12 hours, mtraperitoneally into re- 
cipient animals without causing death 

In this study the criterion for toxicity of the peritoneal fluid as the death 
of the animal Although occasional vomiting and diarrhea followed the in- 
jection of very large amounts of pink fluid, if death did not ensue the injection 
was recorded as having “no effect ” Obviously, the amount of fluid to be in- 
jected was, as in the past, purely arbitraiy However, we feel that much clari- 
fication of this point may be gamed by (i) a compaiison of the total amounts 
of pink fluid and red-black or black fluid injected, and (2) our spectrophoto- 
metric studies 

A review of Table I reveals the following The pink, odorless, coagulable 
peritoneal fluid which was present up until several hours before death 111 the 
strangulated animals did not cause the death of the recipient in any of six 
animals injected either mtrapei itoneally 01 intravenously in amounts up to 
40 to 50 cc per Kg of body weight We have injected intravenously as much 
as 425 cc of this fluid into an animal over a peiiod of one hour without any 
effects except a mild transient vomiting In many cases this pink peritoneal 
fluid was withdrawn as late as 24 to 28 hours after strangulation 

It is of interest that the bacterial flora of this pink fluid was practically 
identical with the reddish-black, or black, fluid qualitatively and death was not 
caused by injection of the bacteria®’ 

The animals which received the reddish-black 01 black fluid behaved in a 
different manner Four of the seven animals so injected died, two at six and 
seven hours after intrapentoneal injection, and the remaining two at five 
hours and 30 to 40 hours after intravenous injection Another animal (No 13) 
died five days after receiving red-black fluid intravenously It was thought 
that the death of this animal was due, at least in part, to distemper, and it is 
therefore not considered as one of the animals djing from the injection It is 
true that large amounts (35 cc per kilo ) of the black fluid were given mtra- 
peritoneally, but even these amounts were consideiably less than the pink 
fluid given either mtraperitoneally or intravenously Of the two dogs that died 
following intravenous administration, it will be noted that one died five hours 
after receiving only 24 cc , and the other died between 30 to 40 hours after 
receiving 100 cc 

The reactions of the animals which died were similar in all cases whether 
the fluid was given intravenously or mtraperitoneally Up until around t\\ o 
hours after injection the animals appeared normal Aftei this period, how- 
ever, their condition rapidly deteriorated, vomiting became more frequent 
and severe, and the animals w’ere usually moribund several hours before death 
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Table I — Lethal Aciwn oj the Pentoncal Fluid 
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4 

7 0 

347 

24 or 

Pink odorless 

Hemo Clostridia 210 

30 

IV 


No effect 




less 

coagulable 

B coU 

Non hemo strep 

Non hemo dost 

A aerogenes 





5 

6 7 
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24 or 

Pink odorless 

B coll , 300 

45 

IV 

3 

No effect 




less 

coagulable 
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6 

8 5 
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1 
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coagulable 
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3 
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8 

10 0 
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Black foul 
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35 

1 1 p 

IM 

Died 6 hrs 
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Hemo strep 

Non hemo strep 

Non hemo dost 
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9 

10 0 

357 

35 
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35 

I p 

6 

Died 7 hrs 
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7 3 
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35 
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Died 5 hrs 
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11 

S S 
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29 

Red black 
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30 
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18 

IV 

2 
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IV 
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laZ'evT CAUSE OF DEATH IN STRANGUL-VTION OBSTRUCTION 

The animal which lived for 30 to 40 hours was listless and obviousl} sick 
during this entire period No temperatures were taken in the animals receiving 
the mtraperitoneal injections, but it will be noted that the temperature vas 
107^° F just before death m one of the animals receiving an intravenous 
injection, and 104^’° F at approximately the same time after injection m the 
other This is interesting m view of the high temperature elevation observed 
terminally m the strangulated animals ^ Blood cultures drawn 45 to 65 
hours aftei the injection into the recipient animals which died were negative 
on direct inoculation onto blood agar m three cases, and positive foi B Coh 
in the remaining case 

The necropsy findings m the twm animals wFich died followmig mtia- 
peritoneal injection w'ere identical and limited to tbe abdomen The peritoneum 
w^as mildly injected m aieas The peritoneal cavities contained 150 cc (No 8) 
and 275 cc (No 9) 1 espectively, of a red-browoi fluid somewhat similai to 
that injected In both cases theie was an intense injection of the mesentery 
especially marked as the mesentei}'- appioached the bow^el The duodenal 
mucosa, and the jejunal and ileal mucosa to less extent, show^ed submucosal 
hemorrhages Aside fiom a moderate congestion of all the abdominal viscera, 
no other pathologic findings were noted No gross abnormalities w^ere noted 
at neciopsy m the animals receiving the intravenous injection 

While our overall results wnth injections of the peritoneal fluid cleaily 
indicated the great toxicity of the black peritoneal fluid, nonetheless, theie 
appeared to be maiked variations m the toxicity of this fluid fiom difteient 
animals A'^aiiations in the character of the black or led-black fluid, as sug- 
gested clinically by the diffeient responses, w^as objectively confirmed bj oui 
spectrophotometi 1C studies, and the cause for this variation w^as conceivably 
explained by a leview of the intake and output data for the stiangulated 
animals The peritoneal fluid from dog No 357 was lethal when only 24 cc 
was injected intravenously This peritoneal fluid gave a spectiophotometiic 
curve (Curve 3, Fig i) very similar to the one given by the bowel contents 
from this animal, and w^ould be expected since approximately 500 cc of intia- 
luminal contents passed into the peiitoneal cavity in the last few hours of 
survival The fluid from dog No 347 w^as lethal to the recipient at 30 to 40 
hours after 100 cc intravenously and the change tow aid the characteristic 
abnormal spectrum w^as less maiked As we were completely aspiiating the 
strangulated lumen in this animal, less fluid passed out into the peiitoneal 
cavity, and theiefoie, the dilution factor by the pink fluid was gieatei Dnect 
evidence of this w^as obtained from the values foi oiiginal concentration of 
total pigments as cyan-methemoglobin The peritoneal fluid of dog No 365 
(no death in recipients wath 155 and t2c cc respectiveh lntla^enousl\ ) 
show^ed the least marked spectrophotometnc changes (Curve 4, Fig i ). and 
here again, the dilution factor w'as of consideiable magnitude 

The degree of toxicity as expected was gi eater m those animals in which 
a greater amount of the lumen contents diftused through the wall into the 
peritoneal caMty This is borne out bv the fact that the gut lumen was almost 
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devoid of fluid at post mortem in two animals having highly toxic fluids 
(No 235 and 357, Curves 2, 3, Fig i), whereas almost 600 cc of peritoneal 
fluid in each was present despite the fact that the peritoneal cavity was evac- 
uated as completely as possible less than four hours before death Animal No 
347 developed almost 300 cc of black peritoneal fluid despite the fact that 
200 cc of gut contents was removed one hour prior to death, and the peri- 
toneal fluid from this animal was also lethal 



Fig I — Data illustrating the relationship of toxicity 
to degree of spectral abnormality in comparison with 
normal oxyhemoglobin spectrum 

Curve 1 Absorption spectrum curve of unchanged 
oxyhemoglobin 

Cwve 2 Absorption spectrum curve of peritoneal 
fluid (highly toxic) collected at 32 hours after strangula- 
tion from dog No 235 Original concentration of total 
pigment as cyan-methemoglobin was 4 46 Gm per roo ml 
Cut VC 3 Absorption spectrum curve of peritoneal 
fluid (highly toxic) collected at 35 hours from dog No 
357 Original concentration of total pigment as cyan- 
methemoglobin was i 14 Gm per 100 ml 

Cwve 4 Absorption spectrum curve of peritoneal 
fluid (relatively nontoxic), collected at 28 hours from 
dog No 365 Original concentration of total pigment as 
cyan-methemoglobm was 3 24 Gm per 100 ml 


We have stated’- that the demonstration of an abnormal pigment, present 
first m the strangulated lumen, later in the peiitoneal fluid, and finally in the 
blood, has been a useful method of following the course of eients in the 
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strangulated animals From the results herein reported, this finding assumes 
greater significance It would appear that some relationship exists between 
the content of unidentified pigments responsible for the abnormal spectrum 
of the black peritoneal fluid and its toxicity Some relationship is also indicated 
by the fact that one of the six animals which died following strangulation had 
only 40 cc of black fluid in the peritoneal cavity at death and this fluid showed 
the most maiked changes spectrophotometrically of any obtained Also, it will 
be remembered that the altered curves were not obtained in the gut contents 
until around 12 hours In view of the fact that Foster and Hansler^'’ injected 
large amounts of less than 12 houi loop fluid into other animals intraperi- 
toneally without causing death, a relation between the altered pigment and 
the toxicity of the fluid seems indicated 

CONCLUSIONS 

1 The pink or strawbeiry colored peiitoneal fluid, removed from animals 
with a sti angulation obstruction, which owes its chaiacter to the presence of 
blood and unchanged hemoglobin, is non-toxic on injection into normal, 
recipient animals either by the intraperitoneal or intravenous routes even when 
rapidly administered in amounts up to 50 cc per Kg of body weight 

2 The late or black peritoneal fluid, which has been shown to be de- 
rived at least in part from the lumen of the strangulated gut is lethal on 
injection into normal, recipient animals by eithei the intraperitoneal or in- 
travenous routes when administered in much smaller amounts than the pink 
fluid 

3 The toxicity of the peritoneal fluid samples removed in experimental 
strangulation obstruction beais a relationship of proportionality to its content 
of unidentified pigments responsible for the abnormal spectrum of the black 
peritoneal fluid 

4 It must be sti essed that while the abnormal spectrum characterizes the 
toxic fluid, and, indeed, has served as a measure of the degree of toxicity of 
the fluid on injection into other animals, no evidence is at present at hand 
to identify the pigment itself as the toxic agent 
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FIBROUS DYSPLASIA OF BONE* 

James N Proffitt, M D , Barton McSwain, M D , 

AND Edmond H Kalmon, Jr , M D 

Nashvilll, Texn 

FROM THE DEPARTMENT OF SURGERT OF THE \ANDERBILT UNIVLRS1T\ HObPITAI NASHVIII F 

Our interest in fibrous dysplasia of bone was aroused in 1947 by obser- 
vation of a patient (Case 6 ) with lesions of the ribs which were thought, on 
roentgenologic examination, to be C3^sts However, exploration of a rib 
revealed solid tissue, and microscopic examination showed a picture unlike 
that usually seen m osteitis fibrosa cystica Comparison of our findings with 
those described by Albright and his associates^’ ^ and Lichtenstein and Jaffe^" 
led us to believe that this patient had the disease which the latter authors 
called fibrous dysplasia of bone Subsequently another patient was seen who 
showed similar roentgenologic, operative and microscopic findings We 
reviewed the records, roentgenograms and microscopic sections of all patients 
seen at the Vanderbilt University Hospital since 1925 who had been diagnosed 
as having had giant-cell tumor, solitary bone cyst, osteitis fibrosa cystica or 
Paget’s Disease (osteitis deformans) We discovered no cases of fibrous 
dysplasia previously diagnosed as giant-cell tumor or Paget’s Disease but 
found four instances formerly thought to be osteitis fibrosa cystica and one 
case originally thought to be a solitary bone cyst Inasmuch as the status of 
this S3ndrome as an entity is still the subject of clinical investigation and few 
follow-up studies have been recorded, it was thought justifiable to report our 
observations m seven such patients 


HISTORICAL REVIEW 

The first case of what is thought to be the disease under discussion was 
reported m Europe in 1922 by Wieland In England, Telford"'* m 1931 
reported one “case of osteitis fibrosa with formation of hyaline cartilage” 
which was probably an example of fibrous d3''splasia of bone Hunter and 
Turnbull"'^ in 1931 reported four cases under the title of focal osteitis fibrosa 
In 1932 Braid^ described such a case and attempted to separate this syndrome 
from osteitis fibrosa cystica In this countr3'' attention was directed to this 
syndrome in 1937 when Albright and his associates- described five cases of a 
“syndrome characterized by osteitis fibrosa disseminata, areas of pigmentation 
and endocrine d3fsfunction with precocious pubert3'^ in females ” In I 93 S> 
Lichtenstein^^ reported similar findings in eight patients and einjiloyed the 
term “fibrous dysplasia of bone ” 

Some of the man3^ terms which have been applied to this disease art 
Albright’s syndrome,**’^- potyostotic fibrous d3’-splasia,i^’”’^'^’^"’®°’'**’^'’’’'’‘ 
osteodystrophia fibrosa,^"’ localized von Recklinghausen’s disease, 

* Submitted for publication April, 1949 
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osteitis fibrosa disseminata,®’ regional fibrocystic disease,^ fibrocystic 

disease of bone,®®’ ^® osteodystrophia disseminata®® and focal osteitis 
fibrosa ®^’ We have used the term "fibrous dysplasia of bone” because it 
is the one used by the majority of workers who have recently written about 
this subject In view of the many terms applied to this disease it is impossible 
to discover all such cases which have been reported but the appended bibli- 
ography IS as nearly complete as possible 

INCIDENCE 

Age The ages of our patients (Table V) on admission ranged from 5 to 
61 years Inasmuch as some observers^®’ ®®’ ®®’ ®®’ ®®’ have stated that 



A B 

Fig I — Case i (A ) There is sclerosis of the bones of the base of the skull, 
the inferior portion of the frontal bone and the temporal bone The areas which 
appear to be rarefied are normal convolutional markings 

(B ) There are areas of rarefaction and spontaneous fracture in each femoral 
neck with evidence of healing on the right Other bones involved in this patient are 
listed in Table I 


this disease usually begins in childhood, it is noteworthy that in one of our 
patients (Case 2) the age on admission was 61 3'ears and the symptoms were 
of only two days duration However, it is obvious that the exact age of onset 
of his disease could not be determined 

Sex There were five males and two females 

Race There w^ere four white and three Negro patients although the ratio 
of white to Negro patients admitted to the Vanderbilt University Hospital is 
nine to one In Schlumberger’s'*^ report of 67 cases of fibrous dysplasia of 
bone, only two of the patients were Negroes 

Site Tables I and 11 show the sites of involvement of bone 

CLINICAL MANIFESTATIONS 

Dwahon (Table V) The shortest duration of symptoms before admission 
was two days (Case 2) and the longest was 16 years (Case 6) The other 
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five patients had had symptoms relating to the disease being reported for one 
week, three weeks, three and one-half months, seven and eight years 

Symptoms 1 elated to hone There were spontaneous fractures in four 
patients and the remaining three individuals had pain, although fracture had 




Table I 


Case 

Surg Path No 

Bones Involved 


1 

6313 

Skull, femora, tibiae fibulae, radii humeri ulnae 4 metacarpals 
and 3 phalanges 


2 

6601 

Upper shaft left femur 


3 

8380 

Right 10th rib 


4 

10164 

Intertrochanteric region right femur 


5 

16285 

Left tibia (multiple areas) 


6 

21577 

Left 5th 6th 8th and 12th ribs Right 12th ribs 


7 

21914 

Right 9th 10th and 12th ribs 



not occurred There was disability in all instances, even in the patients witli 
involvement of only the ribs In the patient with involvement of a bone of 
the lower extremity in whom there was no fracture, a limp had been present 
for two da3^s before admission A tumor had not been noted in any instance 
Age of onset of pnheity Lichtenstein and Jaffe®^ collected 90 cases of 
fibrous dysplasia, of whom 51 were females, 35 were males, and in four the 

Table II 


Bones Involved 



Number 

of 

Cases 

Number 

of 

Bones 

Epiphysis 

Diaphysis 

Metaphyseal 
Region of 
Diaphy sis 

Ribs 

3 

9 

0 



Femur 

3 

4 

0 

6 

3 

Tibia 

2 

3 

0 

3 

0 

Fibula 

1 

2 

0 

2 

1 

Humerus 

1 

2 

0 

2 

0 

Skull 

1 

1 

0 



Ulna 

1 

2 

0 

2 

0 

Radius 

1 

2 

0 

3 

2 

Metacarpals 

1 

4 

0 

4 

0 

Phalanges 

1 

3 

0 

3 

0 

Total 

15-^ 

32 

0 

25 

6 


*The apparent discrepancy in the total (15) when there were actually onlj seven 
patients is due to the fact that more than one bone was involved in three patients 

sex was not recorded Precocious puberty was noted in 20 of the former and 
in none of the latter In our two female patients, the menarche occurred at 
the age of 12 years in Case 5, a Negress, and at ii years in Case 6, a white 
woman 

Renal symptoms None of our patients had symptoms suggestive of renal 
calculus 

Family Instoi y There was no family history of bone disorder or of neuro- 
fibromatosis, but the paternal grandfather of one patient (Case i) had 
"brownish splotches” on his back 
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ExammaHon of the bones There was no palpable tumor at the site of 
involvement of any bone m which there was no fracture However, tenderness 
over the diseased areas was present in all seven patients, in four of whom 
fractures were present Several authors^’ have observed 

premature skeletal growth and maturation in girls with the florid form of 
fibrous dysplasia Such findings were not present in any of our patients, only 
two of whom were females and but one of the two (Case 6) having had the 
disease in the “florid foim ” 



A B 


Fig 2 — Case 2 (A ) There is a lesion of the shaft of the left 
femur ]ust distal to the lesser trochanter The cortex is slightly ex- 
panded, the margins are quite dense and the lesion is sharply circum- 
scribed No spiculization is seen This lesion resembles a latent bone 
cyst and, although exploration revealed solid tissue, originally the 
contents may have been cystic 

(B ) This film of the left femur made 13 years following curettage 
and phenol cauterization shows that the area has been almost com- 
pletely filled in with dense bone 


Skm Three patients had areas of pigmentation of the skin (Table Y) 
In Case 7, a Negro male, there was an abnormality which we believe has not 
been described previously in connection with this disease and which may or 
may not be significant Just inferior to the left nipple there vas markedly 
decreased pigmentation of the skin (Fig 6A) over an area 3 by 6 cm m size 
This spot was not elevated and did not differ in texture from the surrounding 
skm but its appearance was quite striking in contrast to the fairly dark brov n 
skm elsewhere on the bod}’^ This patient had fibrous dysplasia of the right 
ninth, tenth and twelfth ribs 
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Thy) Old In 90 cases collected and reported by Lichtenstein and Jaffe^- 
hyperthyroidism was present in four patients, one of whom was a male and 
three of whom were females Although none of our patients showed ei idence 
of hyperthyroidism, one woman ( Case 6) had a basal metabolic rate of minus 
23 per cent She had had si\ spontaneous abortions with no evident cause 
other than the hypothyroidism 


ROENTGENOLOGIC FINDINGS 

As seen on the roentgenogram, the bone lesions were usually irregular 
areas of rarefaction which varied greatly m size and shape In Case 5 (Fig 
4A) there were several small areas measuring only 3 or 4 mm in diameter. 



Fig 3 — Case 4 (A ) There is a solitary lesion of the neck and upper part of 
the shaft of the right femur Spiculization, sharp demarcation and a fracture may 
be seen The cortex is expanded 

(B ) This roentgenogram, made more than ten years after the one shown in 
Fig 3A shows that most of the area, previously exhibiting decreased density, 
has been filled in ivith normal bone There are four small areas of decreased density 


whereas in Case 3 the pathologic process involved almost the entire length of 
the tenth rib The “ground glass” appearance of the rarefied areas usuall> 
led the roentgenologists to believe that the lesions w^ere cystic lion} trabeculae 
were seen projecting into the areas of increased penetration in all instances 
except Case 2 (Fig 2A) In Fig 6D these trabeculae are clearly shown in 
the roentgenogram of an excised rib Except in one instance, there w as expan- 
sion of the bone wath thinning of the cortex in all lesions over 5 mm m diam- 
eter Case 6 (Fig 5 A) showed disruption of the cortex of a rili In three 
patients (Cases 2, 4, and 5) bone of increased density was seen around the 
margins of the areas of decreased density 

In each of three patients the lesion was single (Figs 2A and 3 ^)> 
patient there w^ere multiple lesions m a single bone (Fig 4A) and in three 
individuals there w'^as involvement of multiple bones (Figs i A, iB 5 ^! 

6B and Tables I, II and V) 
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The portions of the skeleton not involved by fibrous dysplasia showed 
normal bone structure In the four patients m whom there were multiple 
lesions of one or more bones, the bone between the areas of rarefaction 
appeared normal on the roentgenogram There was no instance of generalized 
bone decalcification such as is seen in hyperparathyroidism 


Table III 


Laboratory Findings 

Case 

No 

Blood 
Calcium 
Mgm % 

Blood 

Phosphorus 
Mgm % 

Alhaline 
Phosphatase 
Bodansky Units 

B M R 
(%) 

Calcium 

Metabolism 

a 

10 & 

2 5 

Not done 

Not done 

Normal 

2 

11 8 

3 12 

4 7 

4 

Not done 

3 

11 4 

3 75 

Not done 

Not done 

Not done 

4 

11 1 

4 6 

Not done 

Not done 

Not done 

s 

12 7 

4 8 

5 6 

Not done 

Not done 

6 

10 6 

3 3 

2 7 

-21 

Normal 





-23 


7 

11 2 

3 0 

4 4 

Not done 

Not done 


Fractures, were seen in four patients, one individual having had fractures 
of three bones 

In the single patient in whom the skull was involved (Fig lA) the bones 
near its base showed dense sclerosis and thickening Such findings correspond 
with those of Furst and Shapiro,^’’ Pugh^^ and Windholz 

A tentative diagnosis 'of fibrous dysplasia of bone should be made if the 
bone involvement is multiple and predominantly unilateral 


Table IV 

Operatire Findings 

Case 

Cortex 

Color 

Consistency 

Cysts 

1 

Not recorded 

Not recorded 

Cartilaginous 

None 

2 

Dense 

Yellow and grey 

Firm friable 

None 

3 

Thin 

Whitish 

Firm 

None 

4 

Not recorded 

Reddish 

Soft friable 

None 

S 

Thin 

Yellow 

Friable gritty 

None 

6 

Thin (1 mm ) 

Fibrous tissue 

Firm, gritty 

None 

7 

Thin 

Reddish brown 

Firm rubbery gritts 

One 


LABORATORY TTNDIKGS 

The laboratory studies are shown in Table III The phosphorus levels 
were normal and the calcium levels were at the upper limits of normal or 
slightly elevated 

OPERATIVE FINDINGS AND GROSS PATHOLOGIC CHANGES 

After reviewing the clinical manifestations and roentgenograms of his 
patient, a surgeon who has not previously seen this syndrome usually expects 
to find at operation a cavity containing fluid However, in all seven of our 
patients, exploration of the bone revealed solid tissue and in onl}/ one of them 
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was there any tissue which was not solid In Case 7, there was a i 5 by i cm 
cyst containing yellow fluid but the remainder of the rib showed solid fibrous 
tissue 

The cortex of the bone was thinned m four of the five instances m which 
Its thickness was described (Table IV) The color of the pathologic tissue 
varied from white through yellow to reddish-brown, depending upon the 
amount of hemorrhage which was present The consistency m one instance 
was soft and friable but in the others it was firm The "gritty feeling” due to 



A B 


Fig 4 — Case 5 (A ) In the distal portion of the shaft of the tibia there is a 
large expansile lesion with spiculization and sharply defined, slightly sclerotic 
margins In the inferior portion of the rarefied area there is a fracture line which 
extends distally into the otherwise normal bone Above the large lesion, several 
small, round, punched-out areas of decreased density are present 

(B ) Six and one-half months after curettage of the large lesion, the roentgen- 
ogram shows that the area of rarefaction has become filled m with dense bone and 
that the fracture has healed 


the presence of spicules of bone was recorded in only three instances but the 
microscopic sections led us to believe that these spicules must have been pres- 
ent in all of the patients 

MICROSCOPIC PATHOLOGIC CHANGES 

Upon microscopic examination alone, one can positively differentiate 
fibrous dysplasia from giant-cell tumor, but not from sohtar}’^ bone cyst or 
osteitis fibrosa cystica The two constant findings are connective tissue and 
osteoid tissue (Fig 6E) The term "osteoid tissue” is somewhat equivocal, 
by it we imply that the tissue is young bone which has not been calcified The 
areas of new bone formation ranged from acidophilic osteoid tissue to adult 
calcified bone In only one instance (Case 6, Fig 5 ^) giant cells seen 
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and these cells were readily distinguishable from those seen m giant cell tumor 
by the fact that their nuclei ranged from two to ten in number instead of 
from 15 to 200 In the cytoplasm of most of these multi-nucleated cells there 
A\ere vacuoles varying in number from one to seven When viewed under 
polarized light, these vacuoles were seen not to be doubly refractile In one 
instance (Case 7, Fig 6E) the fibrous process was seen extending into the 
surrounding muscle in the absence of a fracture demonstrable on the roentgen- 
ogram In this patient, the cortex elsewhere was only one millimeter in thick- 
ness Irregular fragments of old bone were seen in several instances Cartilage 
other than that which is normally present was not seen 


FOLLOW-UP STUDIES 

The follow-up data are presented below and in Table V and Figures 2B, 
3B, 4B and 5B. 

Case 2 On l^Iarcli 22, 1935, osteotomy of the femur with curettage and cauteriza- 
tion with carbolic acid was done One month later, the roentgenogram showed some 
regeneration of bone m the operative area Three months after operation the roentgen- 
ogram showed that there had been some regeneration of bone Ten months after oper- 
ation, there was seen on the roentgen ra> film almost complete healing of the oper- 
atne area On November li, 1947, more than 12 years after operation the patient stated 
that he had had no symptoms referable to the lower extremity or hip The roentgenogram 
showed that the previously diseased area had filled m with dense bone (big 2 

Case 3 On November 18, 1936, the tenth rib was removed On December i, 194/, 
II years after operation, the patient stated that he had had no pain in e 
other bones and on thaj date the roentgenograms of die chest showed no ev.dence of 

disease in the remaining ribs 

Case 4 On July II, 1938, the diseased area in the femur was 
were placed m the cavity Four months later the roentgenogram 
area. Lcept for about 3 cm , had filled in with norma, bone 

the roentgenogram showed almost complete restoration there 

out the feLr' On August 38. .948, (Fig sB) rnore f “ „ea 

were no symptoms and the roentgenogram showed “ ” .jeercased dcnsil, 

had filled in with normal bone but that there wer 
present 

Cases On February 25, 1943 , osteotomy with curettage^o^f the 

months later the roentgenogram showed that t e rac u roentgenogram (Fig 4^) 

operation, there was normal function of the ex ^ jp^reased density was filled m 
showed that the large area which previously had shown decreased 7 

Fig 5 -Case 6 (A) This chest film shows 

eighth ribs Both twelfth ribs were involved also elsewhere three jcars 

these lesions since a roentgenogram (not s J 

previously , , , that there has been no c ni g 

(B) The roentgenogram of chest sno 

in the lesions of the ribs over a penod o ,yh,ch is shown m Fig 
(C ) Photograph of the excised eighth rib wincn is ^ ^ 

(D ) Roentgenogram of the gross spe^men ,n the ccl 

(E ) Multi-nucleated giant cells There are fewer nuclei m 

just to the left of and below the center o 
other giant cells 
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With dense bone but the small areas of decreased density were still visible This patient 
was not seen by us subsequently but in 1947, four years after operation, it was reported 
by mail that she had had no further symptoms referable to the tibia or any other bone 

Case 6 On March 31, 1947, an osteotomy of the left eighth rib was done and tissue 
was removed for microscopic study This patient continued to have pain m the chest, 
most severe in the region of distribution of the eighth intercostal nerve On June 25, 
1948, the roentgenogram (Fig 5B) showed that there had been no change since the 
examination 15 months previously (Fig 5 A) On July 2, 1948, the eighth rib along 
with the eighth intercostal nerve was excised (Figs 5C and 5D) The pain decreased 
immediately after operation and on August 19, 1948, she stated that her pain had been 
completely relieved 

Case 7 On June 5, 1947, tlie tenth nb was excised On June 18, 1948, one year 
later, the patient stated that he had had no pain The roentgenogram showed that the 



A B 

Fig 6 — Case 7 ( A ) Photograph of the area of decreased pigmentation 
(B J There is a large lesion m the right tenth rib which shows expansion of 
the cortex and extensive spicuhzation There is a smaller lesion in the vertebral 
end of the tenth nb, separated from the more lateral lesion by normal bone The 
neck of the ninth and that of the twelfth ribs show rarefaction and trabeculation 


tenth nb had been excised except for the head, m which the diseased area was unchanged, 
and that there had been no change m the lesions in the ninth and twelfth ribs 

COMMENT 

The clinical and roentgenologic manifestations of fibrous dysplasia in a 
single site and those of sohtar}'^ bone cyst are almost identical and microscopic 
examination of the material from lesions of fibrous d)'^splasia reveals findings 
quite similar to those seen in the lining of a bone cyst In both diseases, 
healing often occurs following spontaneous fracture or curettage Hence, it is 
not extremely important to distinguish between these lesions However, it is 
necessary to differentiate fibrous dysplasia in its polyostotic form from 
osteitis fibrosa cystica to prevent the patient’s being subjected to a search for 
a parathyroid adenoma In three of the seven cases being reported, nech 
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exploration was done, one of which resulted in death upon the operating table 
No parathyroid tumor was found in any of the three patients The laborator} 
findings of normal phosphorus levels and calcium levels w Inch are normal or 
only slightly elevated, plus the operative finding of solid tissue in the bone 


’’l! 14 li Ih IT M 1') iO 21 2. 2! M 2 , ’ 2" 2fi ’1 iO il '“jT 



c 

PiQ (5 — (p ) Photograph of the cxcibcd tenth nh 



^ A. * 

i ^ * i ^ 




D 


E 


Pjc 5 m ) The roentgenogram of the excised tenth rib shows translucent 

areas traversed bv bony trabeculae The translucent areas on the roentgenogram 
mdTstnrgm^^^^^^^ were composed of fibrous tissue except for one cest 

wh'ch was I 5 by ^ “y" „„scle wb.cl, has bcc. ,ma(l=J I.J the f.brous 

precis! ’ SVc'nSl port,,,., shows copneCsc lissoc and the naht sale shoes 
osteoid tissue 


instead of flmd, are nearly always adequate enter, a upon ulucl. to luake tins 
d.fferent.at,on IV.th equ, vocal find.ngs ,t uta, be necessary u, ' ‘ 

the absence of negatne calc, tun balance ,„ order pos,t,tely to rule out ,l,c 

‘'"Xr Mio7t7sTudt^^^^^ ‘'-'7'"";' 7' 

1 el fr-vr imn\ months or c^c^ xcars and th<it ht tliii,, 
7ccLsTllou.ng «rval of the' fibrous t,ss„e RccrVccc was „o, noUd 
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any of our patients nor did sarcoma occur The question of the frequency with 
which sarcoma develops m areas of fibrous dysplasia cannot be answered by 
our studies or by the material thus far reported m the literature Coley and 
Stewart’^® reported two cases of sarcoma in patients with fibrous dysplasia 
However, microscopic sections from the lesions showed sarcoma from the 
outset Jaffe^® reported a patient in whom “an indubitable osteogenic sarcoma 


Table V 

Summary 


Age (yrs ) 


Case 

On- 

set 

Ad- 

mis- 

sion 

Sex 

Race 

Presenting 

Symptom 

Skm 

No of 

Bones Operative 

Involved Treatment 

Length 
of Time 
Result Followed 

1 

S 

5 

M 

w 

Fracture of 
tibia and 
both femora 

Cafe au- 
lait spots 
on back 

20 

a) Biopsy of fibula 

b) Neck explora- 
tion 

Expired during 
neck explora- 
tion 


2 

61 

61 

M 

W 

Pam in 
thigh 

Normal 

1 

a) Biopsy of femur 
Curettage and 
phenol cauteriza- 
tion 

Lesion filled in 
with dense 
bone symptom- 
free 

13 yrs 

3 

2S 

25 

M 

C 

Pam in 
chest 

Small pig- 
mented 

area on 

back 

1 

Excision of right 
10 th rib 

Symptom-free 

11 yrs 

4 

8 

8 

M 

W 

Fracture of 
femur 

Normal 

1 

Curettage Bone 
chips inserted 

Lesion filled m 
with dense 
bone symptom- 
free 

10 yrs 

S 

6 

13 

F 

c 

Fracture of 
tibia 

Normal 

I 

a) Curettage 

b) Exploration of 
neck 

Lesion filled in 
with dense 
bone symptom- 
free 

5 yrs 

6 

12 

28 

F 

w 

Pain in 
chest 

Cafe-au- 
lait spots 
on back 

5 

a) Biopsy of rib 

b) Exploration of 
neck 

c) Exasion of Sth 
rib 

Improved 

16 mos 

7 

25 

33 

M 

c 

Pam m 
chest 

Depig- 

mented 

area on 

back 

3 

Excision of right 
10th rib 

Symptom free 

12 mos 


developed m the tibia, which latter still showed evidence of fibrous dysplasia ” 
Up to the time of writing, no report has appeared in which it was stated that 
exploration revealed fibrous dysplasia and subsequent exploration showed 
sarcoma 


SUMAIART 

The clinical, laboratory, roentgenologic, operative and pathologic manifes- 
tations of seven cases and the follow-up studies on six cases of fibrous dys- 
plasia of bone have been presented 

CONCLTJSIONS 

I. By no one study, that is, clinical, roentgenologic, operative, or patho- 
logic, IS it always possible to differentiate fibrous dysplasia from bone cysts 
and giant-cell tumors 
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2 Fibrous dysplasia of bone can be differentiated from other diseases of 
bone by proper interpretation of the clinical, laboratory, roentgenologic, oper- 
ative, and pathologic findings 

3 In most instances of multiple bone involvement by fibrous dysplasia, 
the diagnosis can be made upon the basis of the roentgenologic findings and 
the calcium and phosphorus levels 

4 Following fracture, healing usually occurs in fibrous dysplasia just as 
It does in bones in which there are cysts 

5 In long bones, healing with new bone formation occurs following 
curettage 

6 In a patient with fibrous dysplasia of a nb, if the lesion is accompanied 
by pain, the rib and intercostal nerve should be excised 
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CARCINOMA OF THE LOWER LIP* 

A TEN YEAR SURVEY 

Sam Z Maroon, M D and Robert H Kennedy, M D 

New York, N Y 

FROM THE TUMOR DIVISION, SKIN AND CANCER UNIT. NEW YORK POST-GRADUATE 
MEDICAL SCHOOL AND HOSPITAL 

Diversity of opinion exists in the literature as to the manner of treat- 
ment of carcinoma of the lip The pros and cons of prophylactic neck dissec- 
tion have been reported by Kennedy^ and McClure "We shall not add to 
the arguments m this presentation but simply review the cases of epitheliomata 
of the lower lip which have come to operation, and the follow-up results ob- 
tained on the Tumor Division of the New York Post-Graduate Hospital 

The difficulty in evaluating the various forms of treatment of this condi- 
tion is due in part to the inadequate and incomplete follow-up in this type 
of patient In addition, the life expectancy of patients m this age group is 
lessened by the high incidence of intercurrent diseases 

Kennedy^ has described the routine followed at this clinic for manage- 
ment of carcinoma of the lip In general, in patients treated since 1938, 
this pattern has been followed A review of these cases, numbering 119, which 
were operated upon follows 

Of these 119 cases of carcinoma of the lower lip, four were found in 
women The age distribution is shown in Figure i There was one case in 
a man 23 years old Sixty-one per cent occurred in the sixth and seventh 
decade of life 

The duration of the lesion as stated in 114 cases is as follows 

1 mo 6 4 mos 10 7 mos 6 10 mo -1 yr 8 

2 mos II 5 mos 4 8 mos 4 I yr -2 yrs 17 

3 mos 17 6 mos 13 9 mos 4 Over 2 yrs 14 

One half of the^ cases presented themselves before six months, and fully one 
third of the lesions were at least ten months in duration 

The pathologic diagnosis in all 119 cases was squamous cell carcinoma, 
79 were of grade I, 14 of grade II, and five of grade III Twenty-one were 
not graded In only nine cases was the lesion larger than 3 cm There was 
no correlation between length of history and size of the lesion, and the dura- 
tion of these nine cases was well under nine months There was no relationship 
between size and grade, and four of the five grade III lesions had lymph node 
metastases 

Cervical node specimens were obtained in 95 of the cases Of 5^ patients 
in whom nodes were palpable, involvement rvas found by microscopic section 
in 14 cases In the remainder of the nodes a diagnosis of chronic lympha- 
denitis was made Complete regression of epidermoid carcinoma metastases 

* Submitted for publication January, 1949 
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in cervical nodes from external radiation alone has been reported by some 
authors In light of the above findings and similar findings m other series, 
and since it is impossible clinically to differentiate foi certain a metastatic 
node from an inflammatory one, the lesults of ladtatwn must leniain mcon- 
clnstve unless nodes aie lenioved 

Four cases of positive node involvement were found in which nodes were 
not palpable preoperatively Thus, absence of palpable nodes does not mean 
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The surgical procedures used in these patients are as follows 


Local excision alone 24 

Local excision plus suprahyoid neck dissection 79 

(S of these had further neck dissections) 

Local excision plus omohyoid neck dissection 14 

(1 of these had further neck dissection) 

Local excision plus complete neck dissection unilateral 1 

‘Commando type operation with partial resection of loner jan 1 


LOCAIi EXCISION 

Local excision alone was performed on 24 patients The operation was 
usually a “V” excision (19 cases) but, when the growth was large, adequate 
excision plus plastic repair was performed (five cases) 

In one instance a local excision alone was performed for palliation m a 
far advanced case with metastases to the lung This patient expired one month 
later It was planned to do a prophylactic neck dissection in the remaining 
23 cases, as is the policy at this clinic, but these patients either refused further 
operation or failed to return for additional operative procedure 
The follow-up results in these 23 cases is as follows 


(a) Alive and well 16 

(b) Alive with possible metastases present lost to folloii-up 2 

(c) Dead of undetermined cause 3 

(d) No follow up 2 


(a) Fifteen of the i6 patients who were alive and well at the last follow- 
up visit had no evidence of recurrence for the following length of tune 


9 yrs 
6 yrs 
4 yrs 


1 case 
1 case 
1 case 


3 yrs 
2 yrs 
H yr 


4 cases 
3 cases 

5 cases 


The other patient developed local recun ence two years later The lesion was 
re-excised two years aftei that and the patient was followed for an additional 
year without evidence of recurrence, local or otherwnse It is noteivorthy that 
in all but two of these i6 patients who w^ere alive and well at the last follow- 
up, there w^ere no palpable nodes preoperatively The twm patients w'lth 
palpable nodes m the submaxillary region w^ere among those who were fol- 
lowed for the one-half year period only 

(b) Two patients developed large palpable masses in the neck six months 
following excision but failed to return for further treatment These twm pa- 
tients had palpable nodes preoperativel)'- 

(c) Three patients died two years, six months, and three months respec- 
tively postoperatively from undetermined causes There w^as no evidence of 
recurrence of carcinoma in that time 

(d) In two cases there was no follow-up These had palpable nodes 

In this group of 23 cases in which local excision w^as done preliminary 
to intended prophylactic neck dissection it is interesting to note the follow-up 
in the seven cases of the group who had palpable nodes Of the five who 
w^ere followed, one died three months later from undetei mined cause, two 
were those who developed ceivical masses six months later and tw^o had 
no evidence of enlargement six months follownng excision 
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No definite conclusions can be diawn fiom the material available in this 
gioup Ceitainly patients with enlarged nodes should have definitive treat- 
ment instituted to eradicate possible ceivical node involvement 

LOCAL EXCISION PLUS SUPRAHYOID NECK DISSECTION 

Seventy-nine cases had local excision plus suprahyoid neck dissection, 66 
of these at one operation In the majoiity of instances the neck dissections 
were peifoimed bilaterally Aside fiom the fact that many of the lesions occur 
in the middle one-third, in which cases a bilateial dissection is indicated, Ye 
feel that a bettei cosmetic lesult can be obtained if the dissection is earned 
out on both sides In 12 cases positive evidence of metastases in the nodes 
was found, and in five of these additional ceivical node dissection vas done 
There v^eie no operative deaths 

In the 67 cases with negative nodes, follow-up was available m 64 cases 
59 had no recuirence m the time followed as indicated below 


9 yr 

2 

4 yr 

S 

8 yr 

4 

3 yr 

11 

7 yr 

9 

2 yr 

10 

6 yr 

6 

1 yr 

8 

5 yr 

6 

yr 

5 


One patient died one yeai later, piesumably fiom caicinoma Foui patients 
died from causes othei than caicinoma Twm of the lattei lived six ycais and 
five yeais respectively postoperatively, and had no evidence of lecurreiKC 
In the 12 cases with positive nodes, five underwent further surgical pro- 
cedures 


Further Procedure 


Nodes 


Follow Up 


Right omohyoid 
Bilateral omohyoid 
Left omohyoid 
Left complete 
Bilateral complete 


Negative 

Negative 

Positive 

All nodes positive 
All nodes positive 


S years 
Died 2 yr 
Died 6 yr 
Died IL yr 
Died >4 yr 


no recurrence 
cause undetermined 
carcinoma 
cause undetermined 
cause undetermined 


Seven cases had no fuither suigei)^ Of five cases folloY'ed, four lived thicc 
years without lecurrence, and one died one and one-half yeais later after 
receiving roentgen ray treatment as a palliative measure 

Of five patients with positive nodes lemoved in suprahyoid dissection in 
whom further suigeiy was done, thiee iveie found to have positnc nodes 
below the stipiahyoid region The piognosis in all cases vhcie sujiralnoid 
nodes are found involved is pool In ten cases followed, onh six patients 
ivere alive after three 3'ears One of these died at six \ cai s It y ould setin 
that the time maigin of safety is small once nodes are imoKcd In 64 cases 
followed foi varying periods aftei supiahyoul neck dissection and in yIioiii 
nodes Y^ere negative, theie Y^as onl}'^ one knoYii death from carcinoma oc 
curring one yeai postopeiatively 


DOCAL EXCISION PLUS OMOTIl OID NFCK DIssrCTIOX 

Local exes, on plus .esechon of nodes al,o,e the on.nl, ,,o„l cro«,nn va^ 
perfonned .n 14 pahents One .eq.nred acld.t.onal ccrs.cal node dns.cnnn 

There weie no operative deaths 
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In ten of these cases, the excised nodes were negative for metastases 
Six of these patients had palpable nodes on physical examination In the 
follow-up of these patients there was no known recurrence of the carcinoma 
Nine were followed for variable times as shown 

9 yr 3 2 yr 2 

4 yr 1 1 yr 2 

3 yr 1 

Four of the 14 cases had positive nodes Three were limited to nodes m 
the suprahyoid region of the neck One of these was followed ten years and 
one was followed four years without evidence of recurrence The third case, 
a lesion of grade II, developed a recurrence in the neck one year postopera- 
tively, had further neck dissection to the clavicle, and died one year later 

In one case of initial omohyoid dissection all the nodes removed above 
and below the level of the hyoid bone were found to be involved This patient 
developed a large cauliflower mass in the neck six months later and no further 
follow-up was obtained This lesion was of grade III 

Theie is no evidence of recurrence of carcinoma in those cases in which 
prophylactic omohyoid neck dissection was done and negative nodes were 
found Two of the four cases wuth positive nodes undoubtedly died of the 
carcinoma These lesions were of a more malignant variety as indicated by 
the grade 

One patient, age 75, had a local excision plus unilateral complete neck 
dissection The tumor was found to involve all the nodes of the neck that 
were removed and extended to the adventitia of the internal jugular vein 
This patient died on the first postoperative day from pulmonary edema This 
was the only opeiative death in the entire series 

Another extensive case required a partial resection of the right mandible, 
together with a complete neck dissection This patient lived only six months 
following the operation 

STJMjMARY 

1 A review of 119 cases of carcinoma of the lower hp treated surgically 
at this clinic since 1938 is presented 

2 Neck dissections of various magnitudes were done in 95 of these cases 
in conformity to the routine here There was one operative death in a man 
75 years of age who had extensive involvement and in whom a complete 
unilateral neck dissection was done 

3 Nodes were found positive for malignancy m 18 of the 95 cases in 
whom cervical node dissections were done In 77 cases, the nodes w^ere found 
free of malignancy on micioscopic examination The follow^-up results m 
these 2 groups of patients is as follow's 

Necative Nodes Positive Nodes 



(77) 

(18) 

Well for 5 years 

25 

2 

Follow up for less than S years and well 

47 

5 

Died of carcinoma 

1 

5 

Dead from cause undetermined 

0 

4 

Lost to follow-up 

4 

2 
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There was one known death from carcinoma among those cases in iihom 
nodes were removed and found histologically negative for metastases The 
prognosis in these cases is good Once the regional nodes are involved, the 
prognosis as judged from available follow-up becomes much worse in spite 
of radical neck dissections When nodes become initially involved, the time 
factor of safety seems to be small, since further node group involvement 
IS the rule 

4 In light of the extremely low mortality of neck dissections, the uni- 
formly good results obtained m available follow-up when nodes removed 
were found to be negative, and the relativel}' poor results obtained once nodes 
are involved, it would seem that prophylactic neck dissection in cases of car- 
cinoma of the hp is strongly indicated 
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PRIMARY CARCINOMA OF THE URETER* 

Francis G Harrison, M D , Hisrbert L Warres, M D 
AND John A Fust, M D 
PHiLADriPHiA, Pa 

FROM THE DEPARTMFNT OF UROLOGT AND THE LABORATORIES PRESBYTERIAN HOSPITAL 
AND THE GRADUATE SCHOOL OF MEDICINE UNIVERSITY OF PENNSTLVANIA 

While primary carcinoma or the ureter is not a common tumor, it 
no longer can be regarded as lare In 1934, Lazarus^- was able to collect only 
68 cases from the literature of the preceding 90 years Nine years later, how- 
ever, Scott’® found 182 and Sauer’^ 189 In 1948, Gulatieri, Hayes and Segal® 
collected 196 cases and added two of then own We wish to report seven 
additional cases 


CASE REPORTS 

Case 1 — C H , Record No 24259, a 59-year-old white male, was admitted on 
September 9, 1936, because of hematuria The patient had his first attack of gross hema- 
turia 111 1934 This stopped in one day under bromide and citrate therapy No further 
bleeding occurred until two months prior to admission, when it again responded within a 
day to the same therapy Cystoscopy done at that time revealed inflammation of the 
right ureteral orifice, obstruction of the ureter 4 cm above the orifice, and a non-func- 
tioning kidney On both occasions there ivas gross bleeding accompanied by clots but no 
pain For the past 25 years the patient had occasional attacks of gnawing pain in the 
right lower quadrant which had been diagnosed as chronic appendicitis 

Physical examination was entirely normal B P 140/80 Urinalysis was negative 
except for a trace of albumin Hb 85 per cent , rbc 4 5 million Wbc 7,200 BUN i t 
A chest roentgenogram was not remarkable 

A diagnosis was made of neoplasm of tlie right kidney On September 10, a trans- 
pentoneal right nephrectomy and appendectomy were done The right kidney contained 
500 to 600 cc of clear urine The ureter passed through a rough, hard, egg-sized mass 
which involved the appendix The mass, appendix, and kidney were removed 

Pathology 1 epoi t “Gross The kidney is hydronephrotic The ureter is surrounded 
by a 6 by 6 by 3 cm firm, fairly well encapsulated mass involving the tip of the appendix 
Microscopic The bulk of the tumor consists of fibrous stroma which surrounds sheets 
and strands of epithelial cells, most of which are polyhedral and tightly packed Scattered 
cells are large and round, sometimes bizarre, and frequentlj’- show kerato-hyaline granules 
and abortive pearl formation The appendiceal wall has been infiltrated by tumor cells but 
the lumen is obliterated by fibro-adipose tissue The ureter is recognized by the remnants 
of the smooth muscle of its wall Lymphatic permeation is noted Diagnosis Moderately 
undifferentiated squamous cell carcinoma of the ureter (Carcinoma, grade III) , hydro- 
nephrosis ” 

The postoperative course was complicated by right thrombophlebitis The patient 
was given a course of deep roentgen ray therapy and discharged October 2, 1936 

C H was re-admitted on January 10, 1937, complaining of weakness (three months 
duration), anorexia (two months), constipation (two months), and fecal vomiting (i- 
to 14 hours) 

Submitted for pubheation April, 1949 
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Positive findings on physical examination were as follows T 99°F BP 150/90 
The abdomen was distended and tympanitic There was a hard, fixed, plum-sized mass 
on the right, midway between the umbilicus and anterior superior iliac spine Another 
hard mass, slightly larger, was present just below and slightly to the right of the na\el 
The right leg was swollen and slightly tender 

Urinalysis was negative Hb 80 per cent , rbc 3 8 million BUN 37 
On January li a laparotomy was done Hard masses were present in the abdominal 
wall, the veins of which were engorged A hard fibrous mass was adherent to the spine 
and lower ileum The liver was studded with nodules The ileum was anastomosed to 
the colon near the hepatic flexure and an ileostomy done The patient was gi\en additional 
deep roentgen ray therapy and discharged February i The patient died at home on 
March 4, 1937, of generalized carcinomatosis An autops3' was not performed 

Comment This case illustrates the fact that the hematuria associated 
with these cases may stop for weeks or months under non-specific treatment 
Frequently this results m delaying adequate study of the patient This case 
was unusual m that the carcinoma of the ureter involved the appendix: and 
later caused intestinal obstruction 

Case 2 — N B M, Record No 30744, a 58-year-old white female, was admitted on 
June 29, 1937, because of hematuria The patient had first noticed hematuria associated 
wnth frequency and nocturia in 1935 She w'as admitted to Temple Unnersity Hospital 
A letter from Dr W Wayne Babcock stated that on October 22, 1935, the right ureter 
just below the renal pelvis had been resected because of a papillary tumor i cm m 
diameter The ureter w'as re-anastomosed to the pelvis wnth w'lre sutures 

Review of a slide kindly sent to us by Dr Ernest E Aegerter showed a papillar\ 
transitional cell carcinoma showing occasional mitotic figures and little teiKlenc\ to 
invasion, which we interpreted as papillary carcinoma, grade I 

In the early part of 1937 the patient again noticed hematuria She entered this 
hospital for a nephrectomy Past history re\ealed that a \aginal hj'sterectomj had been 
done m 1929, because of a suppurating cystadenocarcinoma of the right o\ar\' At tint 
time the specimen show'ed no microscopic evidence of the ovarian tumor penetrating the 
peritoneum 

Except for old rheumatic heart disease, physical examination was negatne HP 
110/80 Urinalysis disclosed marked albuminuria, many pus cells, and occasional red cells 
A diagnosis of pyelonephritis secondary to postoperative uretero-peh ic stricture was made 
On June 30, 1937, a right nephrectomy w'as done, and the patient w’as discharged on 
July 21, 1937 

Pathology icpotf “Gross The kidney w'eighs 85 Gin and displais a narrow cortex 
The region from wdiich the tumor is said to ha\e been remoied at a preiious operation 
shows nothing unusual Microscopic Section through the region from w Inch a tumor h id 
previously been removed does not show any malignant change The medulla and cortex 
show areas of polymorphonuclear infiltration and m one area there is a small abscess 
Diagnosis Acute suppuratne nephritis” 

The patient w'as re-admitted on Januarj 12 1943 Six months after her nephrectonn 
in 1937, she began to haxe hematuria Cystoscopi rcxcaled papillomata of the bladder 
which were fulgurated Thereafter the patient had recurrences of hematuria and papillo 

mata requiring fulguration exerj 3 to 4 months 

In November, 1942, she began ha\mg attacks of weakness The hematuria had become 
almost constant but did not consist of bright red blood or clots She complained of pc- 
erahzed aching, upper abdominal pam, dxspnca, and palpitation There had l>et 1 a we eh* 
loss of 15 to 25 lbs m the past 6 months 
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Physical examination differed from the previous one as follows B P 172/112 The 
liver was 3 finger-breadths below the costal margin and was hard, nodular and nontender 
There were no other palpable masses 

Urinalysis was negative Hb 13 Gm , rbc 44 million Wbc 13,600, N 76 per cent, 
E 8 per cent, L 16 per cent Sedimentation rate 94 BUN 16 Liver function tests were 
within normal limits 

Roentgenograms of the chest and abdomen revealed no metastasis to the spine 
Barium enema revealed displacement of the colon by the large liver 

On February 3 an exploratory laparotomy was done Nodules were present in the 
liver and retro-peritoneal lymph nodes On the right side, occupying the region of the 
ureter, there was a sausagelike, hard, nodular mass extending from the level of the 
umbilicus down into the pelvis Cystoscopy showed multiple papillomata of the bladder 
The patient gradually went downhill On February 27 she had marked oliguria due 
either to obstruction or a hepato-renal syndrome She died March i, 1943 Autopsy 
diagnosis was as follows Transitional cell carcinoma, moderately undifferentiated of 
ureter, metastatic in retroperitoneal lymph nodes, liver, mesentery, and lungs 

Conmient Although all of the involved ureter was supposedly excised 
in 1935, the patient developed papillomata of the bladder and stump of ureter 
This points towards a multi-centric origin of these tumors 

Case 3 — W E , a 63-year-old white male was first seen at the Urologic Clinic on 
November 10, 1938, with a chief complaint of hematuria Painless intermittent hematuria 
had started two months prior to admission Physical examination was essentially negative 
Cystoscopy on November 10 revealed a pedunculated 3 cm growth in the vicinity of 
the left ureteral orifice The tumor was electro-coagulated The base was again fulgu- 
rated on November 17 

Cystoscopy on January 27, 1939, revealed a small papillary growth around the left 
ureteral orifice and two small papillomata above and to the left of this orifice These were 
fulgurated Numbers 5 and 6F catheters met an obstruction at 9 cm up the left ureter 
An attempt was made to do a retrograde pyelogram but no radio-opaque medium could be 
visualized on the left side An excretory urogram disclosed a non-functioning left kidney 
Another retrograde pyelogram was attempted on January 28 without success 

Cystoscopy on May 9, 1939, demonstrated 12 ounces of residual urine There were 
two papillomata, each about i cm in diameter, around the left ureteral orifice The 
entire vesical neck was the site of papillarj’’ growths These had extended into the 
prostatic urethra 

On June 9 a suprapubic cystotomy was done Multiple growths covered the vesical 
neck, trigone and prostatic urethra The right ureteral orifice was not involved and 
spurted clear urine The left ureter was split upward and the lower portion found filkd 
with papillomata All the growths were fulgurated 

Pathology report “Gross Specimen consists of three small masses of soft, lobulated 
brown tissue Microscopic Protruding from the bladder mucosa are papillary stalks of 
various diameters which bear masses of moderately undifferentiated transitional tjpe 
epithelium The latter shows moderate mitotic activity, with occasional atypical figures, 
and a distinct tendency to infiltrate underljung structures Diagnosis Moderately undif 
ferentiated transitional cell carcinoma of bladder (Papillary carcinoma, grade HI) 

On June 26 a left nephrectomy was done The kidney was markedly adherent T e 
ureter, four times normal in size, was severe^, below the pelvic brim 

Pathology report “Gross The 8 by 5 by 3 cm kidney has a mottled surface and is 
hydronephrotic Two pyramids are thickened by firm, white, partially encapsu ate 
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tissue In four-fifths of its length, the ureteral mucosa and muscularis are both apparently 
involved by soft, granular, white tissue Microscopic Sections of the kidney show 
nodules of rather undifferentiated transitional cell epithelium Small fragments of the 
latter are seen in lymphatic channels Other areas of the kidney show marked infiltration 
by lymphocytes, plasma cells, and eosinophiles The ureter is lined by neoplastic epithelium 
similar to that of the bladder although the invasneness of this tumor is less marked 
Diagnosis Moderately differentiated transitional cell carcinoma of ureter (Papillary 
carcinoma, grade III) Transitional cell carcinoma, metastatic, of kidney Hydrone- 
phrosis and pyelonephritis 

A chest film on October 4 revealed bilateral pulmonary metastases The patient died 
on November 2, 1939 

Comment In all cases of bladder papillomata, the upper urmaiy tract 
should be studied This is especially true if a ureteral orifice is involved 
Obstruction to the passage of a catheter is one diagnostic sign indicating in- 
volvement of the ureter 

Case 4 — Z G , Record No 63606, a 6o-year-old w'hite male, was admitted on Decem- 
ber 29, 1941, with a chief complaint of low back pain of five months duration The pain 
w^as most prominent over the coccyx and worse upon W'alking 

Physical examination revealed the following B P 190/1 10 The Iner edge w^as just 
palpable The prostate was moderately enlarged and non-nodular Reflexes were sluggish 
in the lower extremities but no pathological reflexes w'ere present 

Urinalysis was negative except fo«- 2 plus albuminuria Hb 14 i Gm , rbc 4 i mil- 
lion Wbc 7,400 , N 75 per cent, E i per cent, L 23 per cent, M i per cent Sedimentation 
rate 44 mm/hr BUN 14 Acid phosphatase i 73 Gutman units Serology negative 
Lumbar puncture revealed both pressure and spinal fluid to be normal 

A urological consultation disclosed the following Frequency, burning, dribbling, 
difficulty m starting the stream, and nocturia 2X of five months duration During this 
same period, the patient suffered severe sharp, constant low^ back pain A transurethral 
resection had been done on November 24, 1941, wuth some relief of symptoms Prostate, 
grade I, enlarged, firm and smooth There w'as no tenderness on manipulating the prostate 
or coccyx Prostatic secretions were loaded with pus cells A stricture w'as present just 
inside the meatus This was dilated from 12 to 20F and cystoscopy done Tw^o ounces of 
residual urine were present There was some enlargement of both lateral lobes w'lth 
anterior notching and a slight median bar Indigocarmine appeared m 5 minutes from 
the right ureteral orifice but none from the left A 6F catheter w^as passed 27 cm on 
the right No catheter could be passed beyond 3 cm on the left 

Roentgenograms of the chest and abdomen revealed no evidence of metastasis Osteo- 
arthritic changes were present at the apophyseal joints betw^een L3 and 4 Retrograde 
pyelogram show^ed a somewhat irritable right kidney consistent wath clironic prcloneph- 
ritis No radio-opaque medium w'as present on the left side An excretory urogram 
demonstrated less irritability than previously'' on the right and no function on the left 
Diagnosis Tumor of left ureter w'lth secondary hy'dronephrosis 

Sigmoidoscopy and barium enema were negative The orthopedic consultant behe\cd 
the pain was of neurological origin On February ii, 1942, a left nephro-ureterectom^ 
W'as done 

Pathology lepoit “Gross The kidney is hydronephrotic The ureter is dilated as far 
as a mass palpable m its lower end After opening the ureter a firm, irregular, grayish- 
white tumor mass 4 by i 5 cm is seen to arise from the mucosa Microscopic The ureter 
apart from the tumor proper, is lined by transitional epithelium showing neoplastic 
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change, the cells being hyperchromatic and forming a pseudostratified structure The 
tumor above this grows into the lumen and completely obliterates it There is rich 
invasion of lymphatic and venous channels Diagnosis Atoderately undifferentiated 
transitional cell carcinoma of ureter (Papillary carcinoma, grade III) ” 

Postoperatively the patient continued to have coccygeal pain Roentgen ray of the 
chest, pelvis and upper femora revealed no metastasis Injection of the 3 left sacral 
foramina with procaine relieved the pain temporarily Injections of ammonium sulfate 
were given with relief of pain He was also given a full course of deep roentgen ray 
therapy The patient was discharged March 30, 1942 

He was re-admitted on May 10, 1942, because of continued back pain which radiated 
down the left leg Otherwise his general condition seemed good Physical examination 
was the same as previously with the following exceptions B P 200/1 10 Pam was present 
over L3, 4, Si, 2, 3, and Ci There were no changes in heat, cold or position sensation 
No pathological reflexes were present Urinalysis was negative Hb 7 8 Gm , rbc 2 6 
million Wbc 9,900, N 66 per cent, L 34 per cent BUN 9 

Following a bilateral chordotomy on May ii, the patient developed paralysis of the 
lower extremities and loss of sphincter control He was discharged on October 31, 1942, 
and died four months later 

Comment This case indicates that pain from tumor metastases may he 
one of the first symptoms Though the tumor may grow slowly locally, it 
frequently penetrates the thin ureteral wall early Probably the urinary symp- 
toms were partially due to a secondary chiomc pyelonephritis as a result of 
obstruction by the ureteral tumor as well as the prostate 

Case 5 — G 0 , Record No 93893, a 64-year-old white female was admitted on April 
29, 1946, because of progressive hematuria of one year’s duration For a number of years 
the patient had a dull ache just above the left iliac crest The urinary stream seemed 
smaller in the past 6 months There was some burning and occasional nocturia 

Physical examination was normal except for some induration of the right vaginal wall 
but none on the left BP 135/70 Urinalysis disclosed 2 plus albuminuria, occasional 
granular casts, and many pus and red cells Hb 14 Gm , rbc 40 million Wbc g,500, 
N 76 per cent, L 22 per cent, AI 2 per cent BUN 14 

Cystoscopy revealed a broad based papillary growth involving the entire right 
quadrant of the bladder but not the vesical neck The ureteral orifices could not be seen 
A flat plate of the abdomen disclosed a normal left kidney but the right was enlarged and 
seemed partially obscured by an associated soft tissue mass Upon excretory urography 
a normal left kidney was visualized but the right was non-functiomng A medium-sized 
lobulated mass of polypoid type occupied the right half of the bladder Cholecvstography 
demonstrated a normal gallbladder which was not connected with the right kidney 
On May 8 a suprapubic cystotomy was done A cauhflower-hke mass was attached 
to both the outside and inside of the right ureteral orifice The mass was fulgurated An 
elliptical incision was made around the orifice and the ureter freed The growth ivas felt 
to end 2 inches above the orifice The ureter was excised three quarters of an inch above 
the growth and re-implanted in the bladder 

Pathology lepoit “Gross The specimen is a soft, cauhflowerhke piece of reddish 
brown tissue Microscopic The tissue consists of arborizing papillae with slender vascu- 
larized stalks surmounted by moderately well-differentiated papillary transitional epith 
ehum Diagnosis Aloderately well differentiated papillary transitional cell carcinoma 0 
ureter (Carcinoma, Grade II) ’’ 

The patient made an uneventful postoperative recovery An excretory urogram on 
May 31 visualized a normal left kidney Dye first appeared in 25 minutes on the right 
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In 6o minutes a large right hydronephrosis and Indroureter were dcmon-;tratcd The 
bladder appeared normal The patient was discharged from the hospital on Tune 1946 

She was seen at two month intenals at the clinic Tiie patient remained well until 
October 25, 1946, when many pus cells 'with occasional red cells were found Cystoscopy 
disclosed a normal bladder Right kidney and bladder urine showed no pus cells and 
occasional red cells Both specimens greyy proteus organisms on culture The hst clinic 
visit of the patient yvas m Januar}'-, 1947, at which time she felt well and had no com- 
plaints In a telephone conversation m February, 1949, the patient stated that for the 
past month she had been losing yveight, tired easily and was pale Howeyei she did not 
yvish to be cystoscoped 

Comment Tumoi seen piotruding fiom an oiilice is pathognomonic ol 
carcinoma of the uretei or lenal pehns Occasional!} consenMlne snigcn 
may be cuiative It is alyy'^ays indicated wheie the involved hidnc} is nccessan 
to sustain life 

Case 6 — A M S, Record No 56355, a 64-year-old yvhite male yyas admitted on 
July r, 1948, because of hematuria Four days prior to admission the patient Ind pioss 
hematuria yvith the passage of clots This cleared toivard evening and lecuiicd the fol- 
loyving morning During the past yveek the patient had some difiicultv 111 stalling his 
stream and it yvas slightly diminished in size 

Positive physical findings yvere as follows B P 165/95 The prostate yv is Grade 1 
enlarged, soft and non-nodular Urinalysis yvas negative except for i plus albiiimmiiia 
Hb 16 Gm , rbc 4 7 million Wbc 8,500 , N 64 per cent, E 5 pci cent, B i per tent, T- 27 
per cent, M 2 per cent BUN 24 

Cystoscopy demonstrated 4 ounces residual urine The bladder mucosa yvas maiKcdh 
trabeculated and the trigone congested The posterior uretlira yvas injected and bled easily 
The lateral prostatic lobes were grade II in size yvith anterior notching, and modir.ilt 
middle lobe enlargement Indigocarmine appeared in 5 minutes from the riglit ureteral 
orifice but none in 15 minutes from the left A 6F catheter passed 27 cm yvith ease on 
the right An obstruction was met at 15 cm on the left yvhicli yvas passed yyitii slight 
difficulty Six cc of radio-opaque medium filled the right pelvis and 14 ec tlie left 

Retrograde pyelography disclosed a normal right kidney and meter T licre w.is 
marked hydronephrosis and hydroureter on the left At tlie level of L4, .1 filling defect 
yvas seen in the ureter The ureter beloyv this defect appeared normal A eliest film 
shoyved no evidence of metastasis 

Cystoscopy yvas repeated on July 20 Bladder findings yycre the same A catheter 
met an obstruction at 15 cm yvhich could not be passed A diagnosis of left iiretiral 
tumor yvas made 

On July 26 a left nephrectomy and partial ureterectomy yvere done The ureter was 
tyvice normal size At the junction of the middle and loyy'cr thirds, a small strinelike 
pebble w^as felt wathin the ureter Immediately below'' this a soft mass yy'as present Tins 
portion of ureter had marked periureteritis Beloiv the mass the ureter was norm il in 
size The ureter w'as severed i inch beloyv the mass 

Patholoqv icport “Gross The kidney is hydronephrotic \n 8 cm section of tirtlfr 
exhibits a 2 b}' I cm tumor 1 cm from the distal end Alicroscopic Cross-=cction of tlu 
ureter shows the lumen to be almost completelj occluded by an ingroyyth from the Imnu' 
The neoplasm forms broad folds composed of layers of large fairh sharply defined irreg- 
ularl}' shaped cells presenting numerous by perchromatic nuclei and seyeral atypical mitotic 
figures A small lymphatic capillary in the ureteral yyall is plugged v ith a mas-, of tl’s 
malignant tumor The kidney shoyys chronic inflammation Diagiio-is Medf’"i1el 
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due to pressure on the sacral plexus Of the textbook tiiad, pain, hematuria 
and mass, the last is least common, being found in about 45 per cent of the 
cases The mass palpated is usually the hydronephrotic kidney Only rarely, 
as in the case of a well developed tumor, can the actual carcinoma be felt 
Butler, 2 and Paschkis and Pleschner^*^ have reported palpation of these tumors 
lectally and vaginally 

According to Edelstein and Maicus,'* urinary frequency occasionally 
occurs, especially if the tumor is in the lower third of the ureter, which was 
the case in 60 per cent of those reported by Vest The hydronephrotic kidney 
may become secondarily infected, leading to symptoms of pyelonephritis, acute 
or chronic, pyonephrosis, 01 permephnc abscess 

Scott states that the conect preoperative diagnosis is made in less than 
36 per cent of the cases In approximately 30 pei cent, blood can be seen 
coming from the ureteial oiifice of the nnolved side Papillary excrescences 
protrude from the orifice in 25 to 30 per cent of the cases Ureteral obstruc- 
tion upon catheterization is piesent in 50 to 60 per cent Bleeding ma)’’ follow 
manipulation of the catheter Especially significant is obstruction to the 
passage of a catheter which occasions fresh bleeding followed bj’’ clear urine 
after the catheter has passed the obstruction 

The preoperative diagnosis has most often been made by the presence of a 
filling defect in the pyelo-ureterogiam This is not always successful wheie the 
tumoi prevents the ladio-opaque medium from ascending Neuvirth and 
Bedina^® demonstrated the value of pneumo-pyeloureterography in these cases 
Vest-® states that a filling defect in roentgen ray occurs m only 15 per cent 
of cases According to Kimball and Ferris,^^ it is important to remember that 
these ureteral tumors may arise from tumors of the renal pelvis 

Carcinoma may sometimes be diagnosed by the presence of exfoliated 
tumor cells in urine 

In Lazarus and Marks^® review, men were affected twice as frequently as 
women The greatest incidence occuired in the fifth to sixth decade, although 
the range in Scott’s’^® series -was from ages of 22 )eais to 89 The right ureter 
was involved over the left in a ratio of 3 to 2 In diflfeiential diagnosis, tumors 
of the kidney, bladder and prostate, tubeiculosis, calculi, and ureteral stricture 
must be considered 

Tieatnient The most acceptable foi m of treatment, according to the litera- 
ture, IS an extraperitoneal nephro-uieteiectomy with removal of a cuff of 
bladder Excision of the tumoi beaiing area in the lower ureter with re- 
implantation of the uietei into the bladder is the commonest conservative 
piocedure Vest advocates the local removal of the ureteral tumor in those 
cases which are clinically and histologically believed to be benign, and in which 
loss of function of the involved side would prove immediately fatal Deep 
roentgen-ray therapy has proved to be of little value so far as cure is con- 
cerned 

Most of the patients reported in the literature die within two years after 
operation Because the uietei has a thin wall and an abundant blood and 
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lymphatic supply, metastases occur eaily The commonest sites are m the 
retroperitoneal lymph nodes 30 pei cent, liver 14 pei cent, bones 12 per cent, 
lungs 5 pel cent, and bladder 6 per cent 

Pathology In Ins review of 182 cases, Scott^® lists 22 categories into 
which these tumois have been placed Since the pathological characteristics 
of all tumors of the uiinaiy tiansitional epithelium (Melicow’s urothelium) 
are similar, the grading system of the Registry of Bladder Tumors® should 
be employed heie Accoiding to tins system. Grade I compiises the papillomata 
with typical cells and no invasion of bladdei 01 pedicle Giade 11 includes 
tumors winch are not unifoim m cell aiiangement or type and m which theie 
may or may not be histologic evidence of invasion Giade III are tumors 
showing infiltration, cellular atypism and consideiable mitotic activity Ex- 
tremely anaplastic tumois are placed in Grade IV 

Most authors are inclined to legaid all epithelial tumois of the genito- 
urinary tract as at least potentially malignant, although Vest®® has collected 
a series of benign uieteral tumors The Registry’s expeiience with Grade I 
lesions of the bladder seems to be in agi cement with this concept for such 
tumors have often progressed to frank carcinoma 

Due to the difficulty of diagnosis and the consequent delay of treatment, 
ureteral tumors often progress farther than those of the bladder Behavior 
of all tumors of the uiinaiy tiact is extremely difficult to predict In general, 
infiltrating tumors lead to eaiher metastasis than non-mfiltrating, although 
Grade I tumors may unexpectedly metastasize 

The cause of tumors of the urinaiy tiansitional epithelium is not known 
It seems inescapable that some component of the blood or urine is at least 
partly responsible Pearse’s^^ cases in which maiked 1 egression of bladder 
tumors followed ureteral transplants would seem to indict the uiine, although 
Gay'^ and Ferguson® have favoied a blood-borne agent 

There are ceitain circumstances which undoubtedly predispose to car- 
cinoma The outstanding instance is that of chronic exposure to aniline dyes 
either m industry or experiment WiIIis— believes that exstrophy of the 
bladder predisposes to carcinoma and that schistosomiasis might He also 
believes that Brunn’s nests and other forms of metaplasia predispose to adeno- 
carcinoma Bothe^ found such changes in areas near ureteral tumors and 
thought that they were the precursors of frank tumor Fagerstrom® could 
find no correlation between epithelial budding and solid tumors of urinary 
epithelium The question of chionic infection predisposing to carcinoma is 
difficult to assess and the lecent literature does not emphasize it Wilhs®® says 
that the first symptoms of bladder caicmoma are due to the tumor rather 
than other urinary disease 


SUMMARY 

Seven cases of primary carcinoma of the ureter are reported Hematuria, 
pain and mass, in that order, are the most common symptoms The mass is 
usually a h3^dronephrosis secondary to obstruction by the tumor Symptoms 
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may result from an infected hydronephrosis Tumor seen protruding from a 
uieteral orifice is pathognomonic of carcinoma of the ureter or renal pelvis 
A filling defect in the pyelo-ureterography is suggestive Treatment should 
be radical Conservative surgery is indicated where the involved kidney is 
necessary to sustain life Most of these patients die within two years after 
the diagnosis has been made A plea is made to follow the Registry of Bladder 
Tumors classification The cause of these tumors is unknown All are po- 
tentially malignant 

We wish to thank Dr Joseph C Birdsall and Dr Ernest G Williamson 
for permission to include then cases in this paper We express our appre- 
ciation for the aid Dr R Philip Custer gave us in the preparation of portions 
of this paper 
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ADDENDtlM THREE RATE CASES 

Case 8 — E F S , No 107668 Right nephrectomy was done in 1947 because of 
hydronephrosis, re-admitted February, I949, with burning and frequency Cystoscopy 
revealed a papillary tumor surrounding R U O Right ureterectomy including bladder 
cuff was done, with discharge April ig, 1949 

Pathology Report Transitional cell carcinoma, grade two, of the ureter 
Case 9 — R E A, No 21705 Admitted June, 1949, with hematuria nine months 
Papilloma near left ureteral orifice fulgurated September, 1948 Several recurrences ful- 
gurated Left ureteronephrectomy was done, with excellent recovery 

Pathology Rcpoit Papillary transitional cell carcinoma, grade two, of ureter 
Case 10 — A B Hematuria ten days The tumor, protruding from the ureteral 
orifice, fulgurated elsewhere a week before Excretory urogram revealed a lesion of the 
distal end of the right ureter Nephroureterectomy was done, with recovery 

Pathology Report Transitional cell carcinoma, partially differentiated, of the right 
ureter, 
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Aneurysm of the common caiotid aiteiy is a relatively uncommon lesion 
During a 20-yeai peiiod, from 1927 to 1947, this diagnosis was made only 
five times m the suigical seivice of the Hospital of the Umveisity of Penn- 
sylvania In Reid's review^ of aneurysms tieated at the Johns Hoplcins 
Hospital only ten were found to involve the common caiotid aiteiy In 
occasional reports during the past 15 yeais this lesion has been discussed 
and cases have been added to the literature “ ‘ This is in contrast to aneurysm 
of the internal carotid artery which is relatively common 

At least 90 pel cent of all aneurysms of the common caiotid aiteiy aie 
due to syphilis ® Hence, as this disease becomes moi e uncommon, this aneurysm 
will become mcieasiiigly rare Most spontaneous aneurysms of the inteinal 
carotid artery, on the othei hand, are now^ generally conceded to be congenital 
in origin^ Traumatic aneuiysms aie usually due to gunshot wounds or stab 
ivounds 

The treatment of common caiotid aneuiysms, parliculaily of spontaneous 
aneurysms, has been difficult and often disappointing Reid^ considered that 
only four of the ten repoited by him were knowm to be cured In using tieat- 
ment ladical enough to effect a cure, hemiplegia has been a constant threat 
Recurience has frequently followed the use of conseivative methods, such as 
simple ligation In some instances hemiplegia has occurred hours 01 days 
following an operation thought, at first, to be successful Hemonhage 
resulting from the eiosion of bands or ligatures has been a serious compli- 
cation In general, six types of management have been lecommended 

1 Do nothing Some have considered the pi ognosis to be bettei wuthout 
surgical treatment, particularly in patients ovei 50 years of age 

2 Proximal occlusion of the common carotid artery, wuth bands or 
ligatures 

3 Distal occlusion of the common or of the external and internal carotid 
arteries 


4 Pioximal and distal occlusion, simultaneously or m stages 

5 Aneur3rsmoirhaphy, using any of the thiee classical methods of Matas 
o Excision, followung proximal and distal ligation 

Small aneurysms have been cured by methods 2, 3, and 4 but these 
methods have not been successful .n cunng large an^ri-sms! teAth ugh 
pulsations were at first obliterated The fifth method, aneurysmorrhaphy has 
■^g;^abl e and successful for some traumatic aneuryLs but ht hel 
* Submitted for pubhcationYlarchri^ ~ ~ 
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infrequently used foi spontaneous aneurysms because of the difficulty of 
suturing vessel walls, the site of advanced degenerative disease Excision, 
when not followed by complications, has given excellent results and has been 
curative 

The major problem in treating these lesions has been the danger of hemi- 
plegia resulting from ligation of the carotid arteries The incidence of cerebral 
complications following carotid ligation cannot be stated with certainty 
because of the many variable factors involved Pilcher and Thuss,^° in an 
extensive review of the world literature, concluded that cerebral complications 
occur m 20 to 30 per cent Watson and Silverstone^^ reported cerebral com- 
plications in 70 per cent and a mortality of 50 per cent following carotid liga- 
tions in patients with cancer of the head and neck These figures are prob- 
ably higher than average because of the age and debility of many of their 
patients Freeman^^ reported cerebral complications in 20 to 25 per cent and 
Matas^® a mortality of 12 per cent following ligation of the common carotid 
artery Lahey and Warren^^ considered the risk of carotid ligation too great 
to be warranted during excision of carotid body tumors 

Various methods of testing and of increasing the adequacy of collateral 
circulation have been proposed to reduce the incidence of cerebral complica- 
tions These have been discussed by Matas,^® Dandy Schorstein,^’^ Olive- 
crona,^® Dorrance,^® Jefferson,-® Sueet and Bennett,^^ and others The methods 
commonly used have been 

1 External application of pressure preoperatively Occlusion of the carotid 
artery with the finger (Matas test) has been generally considered a reliable 
test of the collateral circulation In case of doubt, attempts have been made to 
increase collateral circulation by the application of pressure intermittently, 
with the finger or with the compression caliper clamp of Matas Although this 
IS undoubtedly a helpful method, certain limitations cannot be disregarded 

a Stimulation of the carotid sinus may cause syncope and other cer>. 
bral symptoms, with resultant confusion in the interpretation of the tesf- 
b Sudden occlusion of a carotid artery may cause hemiplegia 
c The test is not always reliable, hemiplegia sometimes follow' 
carotid ligation when adequate collateral circulation appears to 
present 

d It IS difficult to be certain that the carotid artery is complete^ 
occluded by digital pressure, as demonstrated in the recent experiir ■ 
of Sweet and Bennett 

2 Occlusion of the carotid artery, exposed under local anesthesia for 3 
minutes or more This variation of the Matas test has been used to eliminai 
any doubt that the artery is completely occluded Hemiplegia has folkw 
hours or days later in some in whom this test was negative Dandy^® believ' 
that a propagating thrombus or an embolus accounted for such a comphcatio 
while Schorsteiffi'^ presented evidence that it may be due to the delayed eff 
of ischemia, present at the time of ligation, but not becoming clinically app-* 
ent except as a result of a prolonged, cumulative effect 
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, Partial occlusion by constricting metal or fascial bands for one to si 
weeks to promote the development of adequate collateral ciiculation T 
metlwd wL used particularly by Dandy,' who consideied it a satisfactory 
rotation to the problem because of the rapid development of collateral c,i eo- 
lation m response to this stimulus In Dandy’s experience it was rarely nec- 
essary to remove a band if caie was taken to produce no more than 50 per 
cent occlusion of the arter}', and excellent piotection was affoided to the 
patient when ligation was finally peifoimed Dandy emphasized that the 
development of collateial circulation was unlikely in some individuals because 
of the presence of congenital anomalies of the Ciicle of Wilhs These indi- 
viduals could be eliminated, he believed, by the development of cerebral 
symptoms within ten minutes following digital occlusion of the caiotid arteiy 

4 Active bleeding from the distal end of the vessel This is an old method, 
used frequently by Halsted ^ Actual spurting fiom the distal end of the 
artery has proved to be reliable evidence that the collateral cii dilation is 
adequate 

Using a sensitive manometei. Sweet and Bennett-^ have recently studied 
the collateral cnculation of the caiotid arteiies by measuring the pressure in 
the internal carotid artery during occlusion of the cominon carotid, common 
and external carotid, and both common carotid aiteiies Their results have 
led them to propose this piocedure as a method foi testing the adequacy of 
the collateral circulation In patients uho withstood common caiotid occlu- 
sion well the systolic pressure fell to 50 per cent and the pulse pressure to 
25 per cent of its original level, demonstrating that carotid ligation for intra- 
cranial aneurysm reduces intra-aneuiysmal piessuie and. piesumably, aids in 
thrombus formation This technic was used to test the thesis that ligation 
of the common carotid is safer than ligation of the internal carotid artei y, as 
contended by Dorrance” Schoistem.i" and Ohveciona,^® because of collateral 
circulation passing from the opposite caiotid artery through the external and 
into the internal carotid artery of the same side The pressure recordings 
indicated that significant retrograde flow from the external to the internal 
carotid artery did not occur when the common carotid arteiy only was occluded 
They concluded that, in elective piocedures, the internal carotid should be 
hgated, as practiced by Dandy rather than the common caiotid arte^' 
Finally, there was no evidence in their studies that the circulation was im- 
proved. following occlusion of the carotid arteries, by simultaneous occlusion 
ot the internal jugular vein 

An unusually large luetic aneurysm of the common carotid artery was 
recently treated successfully at the Hospital of the University of Pennsylvania 
^. excision Preoperat.vely it was planned to use a vein or attenarS 
the collateral circulation appeared inadequate ^ 


CASE REPORT 

A M, a 61 -year-old man, was admitted to the Hosmtal 
"Ivan., on April 30, .048 In Nove^bep^rp^b, he noted a pSaSTetang'o! fc 
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2 ) Adjacent structures, which were densely adherent to the wall of the aneurysm, were 
freed by sharp dissection The left internal jugular vein and vagus nerve lost their 
identity m dense, matted scar tissue medial to the lesion The dissection proceeded 
without difficulty except at a point on the lateral wall of the^ pharynx where the 
aneurjsmal sac and pharynx were entered simultaneously At this point only a thin 
layer of pharj ngeal wall and aneurysmal sac remained as a barrier against rupture The 
opening m the pharynx, about one-half inch m length, iras closed with chromic catgut 
sutures The aneurysm was then opened widely (Fig 3), and the dissection was 
completed With noncrushmg clamps applied to the artery proximally and distally, the 
sac was excised 



Fig 4 — A photograph on the first postoperative daj 


Preparations had previously been made to use an arterial graft from a fresh cadaver 
Because of advanced degenerative changes, the patient’s carotid artery was tested with 
sutures These were found to cut through easily Because of this it was thought safer 
to avoid a graft if the collateral circulation could be shown to be adequate This was 
tested in two ways First, the clamp was removed from the distal end of the artery The 
blood spurted, under strong pressure, for a distance of at least three feet Second, 
anesthesia w'as stopped and the patient was permitted to wake up It was found that the 
upper and lower extremity on the contralateral (right) side could be moved freely 
With this evidence of adequate collateral circulation and the uncertainty of the suture- 
holding ability of the patient’s vessel, ligation was considered preferable to a grafting 
procedure Heavj'' silk ligatures were applied to the common carotid artery proximally 
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and to the common mtcinal and cMoinal catoUd arteries distally The wound wnb 
closed with one dependent dram, which was rcmo\cd on the first postoperatnc day 
(Fii? 4) A trachcotonu was performed 36 hours aftci operation because of excessive 
tracheobronchial sccietions with d\ sputa and apparent lespiiatory obstruction The 
patient was dimtahred because of auncular fibrillation 'Ihcic was no evidence at any 
time of cerebral ischemia or neurolopic sequelae The tracheotonn tube was removed 
after two weeks, and the patient was discharpcd on the 26th postopeiatne day When 
last seen, eight months after opciation, he had regained his noimal weight and appeared 
well The ancur\sm of the right common carotid artery had become no larger 

COMMENT 

111 this eldcih patient tlic use of tlircc simple tests demonstrated that 
adequate collateral circulation had dc\ eloped Cciebral distui bailees did not 
occur during carotid occlusion pi eopcratn eh , letiogiade bleeding was m 
strong spurts when the distal clamp was icmo\cd dtiiing operation, and there 
w'as normal motor functioii on the conlialateial side of the body follow’ing 
carotid occlusion dining operation It is not likely that such evidence of 
adequate collateial circulation will always signify freedom fiom ceiebral 
complications in xiew of the late sequelae leported b> Dandy^*^ and Schor- 
stein The use of caiotid intia-artciial pressure recoi dings duiing opeiation, 
suggested Iw Sweet and Bennett.^’ may pio\e to be a useful refinement in 
evaluating collateral circulation Although the equipment used b} them w^as 
considered too complicated for loutine use, a simplei and more compact 
mstrument, such as that of Peteison, Dripps, and Risnian,“'’ 111 use in the 
operating rooms of the Hospital of the Unnersit} of Pennsylvania, may be 
satisfactory' 

Our experience w itli y ein grafts in expei imental animals and in patients,^'* 
and the experience of Gross*'' with arter}' grafts demonstrate that defects of 
large arteries can be satisfactonl} bridged by giafting piocedutes In elderly 
patients one is confronted with the problem of suturing a healthy graft to 
friable, arteriosclerotic vessels The reliability of the suture method of anasto- 
mosis under such circumstances has not been established The type of suture 
used may be a factor of importance In an arteriosclerotic patient in whom 
Lexer**^ replaced a femoral artery aneuiysm wutb a saphenous vein graft a 
Carrel suture cut through the friable arterial w'all wdiereas a continuous evert- 
ing mattress sutuie w'as entirely satisfactor}' In patients with degenerative 
changes in the arterial w'alls the nonsuture method of Blakemore and Lord^’^’ 
uiay be useful 

SUMMARY 

1 The problems of treatment of aneurysms of the common carotid artery 
and of ligation of the carotid arteries have been briefly discussed 

2 An instance of successful excision of an unusually large luetic aneurysm 
of the common carotid artery in an elderly patient has been described 
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POSTOPEIUTIVI^ DIABPrriiS Ml^LLll'US FOLLOWING RESECTION 
OF Till': BODY AND TAIL OF THE PANCREAS FOR 
SECONDARY INVASION BY GASTRIC CANCER'’ 


Ai-L\\xniH BiniNscin\iG, i\l D 

AND 

Flhnvndo Gr.NTiL, M D 

Xj w Y«>iik, X Y 


1 KOM Tin MIMORIM llOsl'lTM I OK Till TKI \TMt ST OI CVNCTR AM) At HI D DmrASrS 

SI w TouK cn\ 

Ri C.LNT \i>\ \Nt! s in the Miigen of the pnncieas have affoided inteiesting 
observation<; upon the pin ‘'lologx of this oi gan in man Foi example, it has 
been found that the exlcinal panel calic seciclion is not essential to the main- 
tenance of a normal nutiilion.il status m some instances^ It has also been 
observed th.at the lolalh dcpancreati/cd human being presents only a relatively 
mild diabetes that is less seveie than man) instances of spontaneous diabetes 
in individuals with the entne jiancieas in situ More suiprismg is the fact that 
total pancrcatectomv in the diabetic human has not resulted m augmentation 
of the seventv of the diabetes .iheady piescnt- 

In previous exjicriences the head of the pancieas seemed to represent 
adequate tisuie to peiinit normal carboh)diate metabolism, since m a number 
of instances vvheie the hodv and tail of the oigan weie lesected because of 
secondai) invasion bv neoplasm aiising m an adjacent organ, postopeiative 
diabetes did not develop Hovvevci, m the past several months thiee patients 
from the jinvatc service of one of us (A B ) had the body and tail of the 
pancreas resected incident to total gastrectomy for gastric carcinoma and 
developed transitor) postoperative diabetes foi which insulin was admin- 
istered The case histones aie summarized below 

Case 1 — I B, a 57-)c.ir-old \\hilc lioiiscvv ifc, first seen at Memorial Hospital on 
October 29, 1947, at which tune she gave the following history In June, 1938) tbe 
patient was submitted to a gastric resection, apparently for a small neoplasm of the 
stomach Six months prior to the operation the patient developed epigastric discomfort 
associated with belching and slight weight loss Subsequent to the operation the patient 
felt well, gained weight and had no complaints until the early fall of 1947, at which time 
the symptoms recurred — epigastric discomfort, weight loss and an increasing difficulty 
in swallowing solid foods The patient was thoroughly studied and a diagnosis of 
recurring gastric carcinoma was made based upon roentgenographic appearance of the 
remaining stomach, the walls of this segment w'ere quite rigid 

Physical examination at the time of admission to the Memorial Hospital showed a 
well-developed white female presenting signs of moderate weight loss but not in acute 
discomfort Abdomen showed a well-healed midhne scar and on palpation there was a 
definite epigastric fullness wdiich was slightly tender The liver was not enlarged , spleen 
and kidneys not palpated Pelvic examination revealed no metastatic masses 

Preopetahve laboiaiory studies (i) Blood chemistry serum protein 5 5 Gm per 
100 cc , blood urea nitrogen ifio mg per 100 cc , blood sugar analysis not done 


Submitted for publication February, 1949 
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(2) Blood Hemoglobin 78 per cent, white cells 83 (3) Urinalysis specific graiity 

1 022, reaction acid, color amber, negative jor albumen and sugar (4) Chest film 
negative for metastases 

Operation November 1 , 1947 The findings were as follows The remainder of the 
stomach (the patient had had a previous gastrectomy) was involved in a large neoplastic 
process The previous gastro-mtestinal anastomosis was obviously invaded by the tumor, 
the remaining gastro-hepatic ligament was short and grossly free of disease In the 





Fig I — (Case 1 ) Photograph of posterior view of operative specimen consisting 0 
residual upper third of stomach involved in recurrent carcinoma (a radical gastrectomy 
had been performed ten years previously for carcinoma) The spleen and entire body an 
tail of pancreas were resected also, as well as the loop of jejunum brought up 
jejunostomy at the previous operation Mid-portion of transverse colon is not well sno^ 
m the photograph and was also removed 

mesocolon two metastatic nodules were found The tumor was firmly adherent to the 
body of the pancreas The liver was free from metastases but contained a small mass 
located on the lower border of its right lobe which was bluish in color and gross j 
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rcccnihicd a hcminRioma I he loui.uninR stomach, spleen, boeij and tail of pancreas 
and lrans\ei<c colon were resected cn nnssc Resection of hemangioma of liver was 
performed The alimentary tiacl was rcconsiitntcd b} csophago-jejunostoiny, entero- 
entcrostonn. and colocoloslonn (end-to-end) \ photogiaph of the specimen is shown 
in Fig I The patient withstood the procedme satisfactorilj and received 2,000 cc of 
blood and 1,000 cc ot 5 per cent dextiose in distilled watci during the operation 


Fig 2 
CASE 1 
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Fig 2 fCase Graph showing levels of morning fasting blood sugar 
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obser^Si dailv after the 4th postoperative day The postoperative diabetic 
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Pathologic repoit “Signet-rmg adenocarcinoma, Grade IV , with extension to gastro- 
colic ligament, pen-pancreatic fat, mesentery and nodes The line of esophageal resection 
was involved along wnth the esophageal node, and there was cavernous hemangioma of 
the liver ” 

Postopeiative com sc The immediate postoperative course was uneventful but by 
the ninth day physical signs and drainage from the upper part of the wound indicated 
the development of a subdiaphragmatic abscess The upper angle of the wound was 
separated to increase drainage Postoperative diabetes was not discovered until the eighth 
day when the urine showed 4+ reduction Fasting blood sugar was 273 mg per 100 cc 
Thereafter (see Fig 2), insulin w'as administered with or without infusions as the case 
may have been During the 26 days following operation fasting blood sugars varied from 
132 to 400 mg per 100 cc depending upon the activity of the subdiaphragmatic abscess 
During the 4 last days m the hospital fasting blood sugars varied from 100 to 126 mg 
per 100 cc She was discharged on the fortv-second postoperative day with w'ound healed 
and no glycosuria 

During the winter of 1947-48, the patient was ambulatory and moderately active 
By the end of March, 1948, there was recurrence of a palpable mass m the upper left 
quadrant of the abdomen and this gradually increased m size There were periods of 
extreme thirst and a blood sugar determination showed 230 mg per too cc , on one 
occasion, with reduction in the urine of-|- + +to-t--j--}-+ Insulin m doses of 15 to 
30 units a day was given Recurrences of the neoplasm progressed until the patient died 
m June 1948, 8 months after the massive resection 

Case 2 — W M , a 44-year-oId salesman, was first seen at the Memorial Hospital 
on March 17, 1948, at which time the following history was obtained In the early part 
of October, 1947, the patient first noticed occasional epigastric distress which had no 
relationship to the quality or amount of food ingested This persisted and became asso- 
ciated with constipation and a feeling of general malaise In November, 1947, the patient 
sought medical consultation for the first time and gastro-intestmal studies were suggestive 
of a gastric neoplasm An exploratory laparotomy was advised but not accepted The 
symptomatology gradually became more marked and in February, 1948, the patient 
finally submitted to laparotomy, performed m another institution, which revealed an 
extensive gastric carcinoma invading neighboring structures and, therefore, considered 
inoperable The patient was made aware of the seriousness of his condition and he then 
sought further advice elsewhere 

Physical examination at the time of admission to the Memorial Hospital revealed 
a well-developed and well-preserved middle-aged male who was somewhat pale and 
showed evidence of some weight loss (20 pounds) but he was in no acute distress In the 
abdomen there was a recently healed left upper paramedian scar and palpation revealed 
a large, firm, nodular mass somewhat fixed and poorly outlined in the epigastrium The 
liver and spleen were not palpable No other masses were palpated There was no 
“rectal shelf” on digital examination 

Preoperative laboratory studies (i) Blood chermstry Blood sugar 81 mg per 
100 cc , blood urea nitrogen 12 5 mg per 100 cc , serum protein 6 9 Gm per 100 cc , 
serum chlorides 100 mg per 100 cc , serum bilirubin i o , hematocrit 46 per cent , 
prothrombin 75 per cent (2) Blood Hemoglobin 85 per cent , white cells 7 8 (with a 
normal differential) (3) Urinalysis specific gravity i 008, reaction acid, albumen and 
sugar negative (4) Chest film negative for metastases 

Operation March 20, 1948 The findings were as follows Large, firm tumor 
apparently arising in the upper portion of the stomach and invading by direct extension 
the transverse colon and body of pancreas Fairly large, firm nodes were found along the 
lesser and greater curvatures The liver was free of disease and there were no peritonea 
implants The surgical procedure consisted of total gastrectomy, splenectomy, partia 
pancreatectomy (tail and body), transverse colectomy en masse, esophago-j ej unostomy 1 

924 



VoUimr no 
^uml)(’r ■) 


posrori:R\nvi: niABnrEs mellitus 


cnterocnlcioctomv , coiocolostonn (ciul-lo-tud) 'llie pitieiU uitlistoocl the procedure 
well, rcccnmp 3oOO cc of Mood and i.ooo ec of nonnal saline during the opciation 

Pafholontc Ah/’o?/ “Adcnocaicmotna, Grade III, of stomach invading pancreas, 
wall and mucosa of colon, metastatic to nodes on grtatei and lesset cuivature Negative 
spleen ” 

Po^tof’crafK c Conist The nnincdiatc postopeiatuc couisc was satisfactory The 
blood pressure was maintained within nonnal limits and shock did not occur The patient 
did not rcccuc an\ thing In mouth for o daA% and was gncii 3,000 cc of parenteial fluids 
aaih as follows M 01 nines ) :;oo cc s pet cent glucose m saline, afternoons, 1,500 cc 
5 per cent ciucosc in distilled watoi On the touith postoperatne day at 2 00 ah the 
patient’s blood prcssuio fell fioin 120/00 to Ro/do, there was profuse perspiration The 
pulse was reguhr hut somewhat wc.ik and the rem.iindci of the physical examination 
was negatne Blood transfusion was enen Fhe mine was tested for sugar and w'as 
positue \ fasting blood sugar determination was then obtained and found to be 
277 mg per too cc 10 units of regul.ir insulin wcic piomptly administered Thereafter 
the use of sunll amounts ot regul.ir insulin was enough to contiol the diabetic state, 
fscc Fig 3) Daih fasting blood sugar delcrinmations wcic obtained thereafter On the 
third postopeiatuc da\ the patient wa« out of bed and on the ninth postopciatne day he 
was allowed to rcccuc fluids In mouth He was discharged on the eighteenth post- 
operatue da\ at which time there was no ciidciicc of diabetes Six months after oper- 
ation the patient remains clmicalh well and is free from diabetes 

Case 3 — W B , a 55*icar-oId white housewife who was first seen on April 15, 1948, 
at whici time she ga\c the following historj In Januar3, 1048, the patient first noticed 
some weakness and general malaise which was associated wuth slight epigastric distress 
together with some difhcultj m swallowing The patient saw’ her private physician who 
prescribed a diet and medication for symptomatic relief She felt somewhat improved, 
but within a few weeks the sjmptoms recurred A gastro-mtcstmal roentgenographic 
stiidj was done and rciealcd the presence of a gastric neoplasm The patient lost approxi- 
matel} 6 to 8 pounds m weight and had been on a soft diet for the 2 months prior to her 
appearance Lately she had been complaining of a moderately severe pain in the back 
(pancreatic iiuasioii’) 

The past and familial histones were non-contributory Physical examination at the 
time of admission showed a wcll-dcvclopcd and well-nounshed w’hite female wdio was 
not m acute distress There was some epigastric fullness and tenderness of the abdomen 
but no definite cMdence of neoplasm was present, the liver was not enlarged and the 
spleen and kidneis were not palpable Rectal and pelvic examination revealed no 
ev'idence of metastases 

Prcopcralivc laboiatoiy studia (i) Blood chemistry serum chlorides 106 mg per 
100 cc , serum protein 60 Gm per 100 cc , blood sugar 71 mg per 100 cc, blood urea 
nitrogen 120 mg per 100 cc (2) Blood hemoglobin 95 per cent, white cells 64 
(3) Urinalysis specific gravity 1026, reaction acid, amber color and negative for sugar 
and albumen (4) Chest film negative for metastases 

Opetaiwu April 27, 194S A large fungating lesion was found apparently arising 
very high in the lesser curv’ature of the stomach , the tumor had invaded almost the entire 
stomach and was firmly adherent and fixed to the body of the pancreas, the liver was 
free from disease and there were no peritoneal implants The surgical procedure con- 
sisted of resection of the entire stomach and omentum, splenectomy, and partial pan- 
createctomy (tail and body) The operation was completed by esophagojej unostomy and 
enteroenterostomy The patient withstood the procedure well and received 1,500 cc of 
blood and 500 cc of saline during the operation 

Pathologic icpoit “Adenocarcinoma Grade IV of stomach, proximal and distal 
lines of resection are clear of tumor, diffuse lymphatic permeation of gastric wall by 
tumor with invasion of pancreas and metastases to omental nodes , negative spleen ” 
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P ostopet ative coiusc The immediate postoperative course was uneventful The blood 
pressure was satisfactorily maintained within normal limits following the operation and 
shock did not occur The patient received 3000 cc of parenteral fluids daily as follows 
1000 cc of amigen m the mornings and 2000 cc of 5 per cent glucose in distilled water 
(or saline) m the afternoons On the first postoperative day fasting blood sugar deter- 
mination revealed the presence of a hyperglycemia and thereafter an increasingly se\ere 
diabetic state persisted until death on the twelfth day (See Fig 4) The patient sat up 
on the second postoperative day and was out of bed on the fourth day On the sixth 
postoperative day there was acetone in the urine for the first time On the eighth post- 
operative day the patient had a sudden, sharp pain m the right lower chest which was 
associated with anxiety and shortness of breath , chest examination was entirely negative 
and the legs showed no evidence of phlebo-thrombosis A tentative diagnosis of small 
pulmonary infarct was made On the following day chest examination revealed a definite 
dullness in the right lower lobe posteriorly, a chest film was reported as not indicative 
of pulmonary infarct On the tenth postoperative day there was a definite swelling of 
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Fig 4 — (Case 3) Graph of morning fasting blood 
sugars showing postoperative diabetic state Patient died 
on the twelfth day 


the left leg On the twelfth postoperative day the patient’s condition deteriorated rather 
rapidly and she expired Necropsy was not obtained The rather sharp increase in the 
diabetic state after the fifth postoperative day is indicative of some disturbance probably 
associated with the fatal outcome but the exact nature of which was not determined m 
the absence of necropsy 


DISCUSSION 

Post partial pancreatectomy diabetes m man where the pancreas was pre- 
sumably normal does not appear to have been previously cited in the literature 
However, m the case where the pancreas presented inflammatory disease it 
has been noted Mallet-Guy, Chambon and Plauchu^ describe a patient m 
whom there was mild preoperative diabetes (glycemia, 160 mg per too cc ) and 
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following icscclion of 40 Gin of the body and tail, which portions weie 
enlarged and linncficd (hi'^lologic stiuh showed chionic fibrous pancreatitis), 
the fasting blood sugai reached lc\cls of 176. 20S and 301 mg per 100 cc on 
three da>s icspcctuch Insulin was adinini<;tcicd in daily doses up to 60 units 
and by the end of 15 da}s fa'^ting blood sugai s weic again at 1101 mal levels 
Mallct-Gu} interprets these findings as indicating that the presence of a large 
infiainmator\ process in the pnncicas intcifcics with its 1101 mal function, hence 
the prcopciatne diabetes, and that resection of the aficcted areas permitted 
a return to noimal function of the remaining unaffected portions of the 
gland, hence the c\cntual di<?ap]icarancc of the diabetes 

In the case cited by Lciiche’ the patient was diabetic before subtotal 
pancreatcctonn was pcrfoimed for scveie pain due to maiked chronic pan- 
creatitis With pancrcato-hthiasis In the weeks following the operation the 
diabetes seemed to increase m sevenU This is explained by the disease, 
alread} present 111 the remaining poition of pancieas, which might have con- 
tinued to progress 

In the three patients herein reported the pancieas was presumably normal 
in each instance Following rc'^cction of the bod\ and tail, the remaining head 
of the oigan appealed unpiepaied to function normally foi caibohydrate meta- 
bolism This led to the use of insulin In Case i, the diabetic state lasted 
for practicall} thiee week's aftci its discover} on the eighth postoperative day 
In Case 2, no insulin was required after the thnteenth day The third patient 
succumbed before opporlunit} was afforded to observe the duration of the 
surgically induced diabetes but the lattei wms seiere due to disturbances of 
unknown tipc and, as stated, undoubtedly associated with the fatality 

The recurience of diabetes in Case i, a few' months after its apparent sub- 
sidence, suggests further destruction of the lemainmg pancreas by recurrent 
neoplasm Another explanation is that the patient might have been m the 
process of de^ eloping diabetes and that the resection of most of the pancreas 
hastened the evolution of tins condition It is interesting to speculate upon the 
question of whether or not these patients wdio did develop the transitory post- 
operative diabetes were in the process of developing the disease but had not yet 
manifested it clinically This appears to be a logical hypothesis to explain why 
a few' patients do and most patients do not develop transitory diabetes follow- 
ing resection of the body and tail of the pancreas 

SUMMARY 

Case histones are presented showing the development of diabetes following 
resection of the body and tail of the pancreas for secondary invasion by 
gastric cancer The pancreatic tissue itself in these patients appeared normal 
on histologic examination 

Postoperative diabetes is to be anticipated in some instances where the 
body and tail of a presumably normal pancreas are excised The immediate 
prognosis of such a diabetic state appears to be good since the induced 
diabetes seems to be transient 
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THE CLIMCAL USE OF POLYETHYLENE TUBING 
FOR INTRAVENOUS THERAPY^ 

\ HLPOUT ox Sl.M.X'n -TW O CASES 

B .] Dbrin.Jn.MD 

Xi w Youk, N Y 

1 ROM Till 1)1 I \KTMI ST ni CMSICAI IS\ I STIC \TIOS, Till SI OAV kl TTI RISC INSTITUTI , 

Ml MOUUI CASCI U Cl STI U SIM \OUk S \ 

IXTIIODUCTIOX 

IxTR WLNous Tiii.K\r\ may present scnons difficulties in the manage- 
ment of tiie sc\eieN dl patient The numbei of veins available for parenteral 
treatment often diminishes alanmngh' thiough sclerosis, from trauma and 
overuse Patient velfaic and the efficiency of the house staff are seveiely 
aftected 

Indwelling needles ha\e been tned in the past, but they have obvious 
deficiencies ^ The sharp point and mficxibihty unduly traumatize the vein 
and make it difficult to maintain the needle in the vein without seriously 
limiting the patient’s mo^elnents Clotting of the needle and phlebitis of the 
injected vein arc common complications The need for a practicable method 
of \enous intubation has increased w’lth frequent use of laige infusions m 
surgical and medical practice At the suggestion of Di H W Smith of New 
York Unneisity. the use of plastic tubing foi intravenous infusions was 
investigated 

The purpose of this paper is to demonstrate that these difficulties may be 
o\ercoine by intiavenous catheterization with plastic tubing The tubing used 
W'as polyethylene ( polythene )t m postoperative patients on the surgical 
service at j\Iemorial Hospital I There have been scattered references to 
intravenous plastic tubing m the literature,- ^ but thus far these have repre- 
sented small series of patients in w'hom the cannula was in place for a rela- 
tively short period of time 

Zimmerman^ discussed the use of a vmyhte tube in ii dogs for periods 
of from four to five weeks without untowaid effects Venous thromboses 
were found in twm dogs and were thought to be due either to the sclerosing 
properties of the injected solutions or to the mere presence of the plastic 

This study was aided by grants from the National Institute of Health, National 
Cancer Institute, Bethesda, Maryland, The American Cancer Society, Incorporated, New 
York, and the Damon Runyon Cancer Fund, New York Submitted for publication 
March, 1949 

t The tubing and equipment were obtained from Becton Dickinson Company, Ruther- 
ford, N J , through the courtesy of Mr Oscar Schwidetsky 

$ The cooperation of the surgical staff of Memorial Hospital is gratefully acknowl- 
edged 
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catheter in the vein MacQuigg® reported a senes of observations using a 
polyvinyl chloride tubing for intramuscular injections in humans 

Meyers® was the first to report the clinical use of polyethylene* tubing 
He used polyethylene tubing in administering heparin and plasma to two 
patients for a period of several days Guenther, et al used polyethylene 
tubing for intravenous therapy m i8 cases for periods up to two weeks 
They noted “the most satisfactory results were obtained in continuous in- 
fusion of solutions of penicillin and heparin ” Diamond and Thomas® have 
used polyethylene tubing of large caliber in the treatment of newborn babies 
with erythroblastosis The tubing was inserted through the umbilical vein 
into the vena cava and left in place for three hours Five hundred cubic 
centimeters of the infant’s blood was replaced with Rh negative blood, and 
no reaction of the veins was noted 

There have been two extensive experimental studies’^’ ® with polyethylene 
in neuro-surgery in which the plastic was shown to fulfill the requirements 
of a dural substitute Segments of polyethylene tubing implanted into the 
brain for as long as 90 days caused no significant inflammation In contrast, 
another plastic, cellon bana^ when implanted into brain tissue caused an early 
and marked inflammation with leucocytosis and gliosis 

Poppe and De Oliveira® investigated methods of obliterating aneurysms 
by inducing fibrosis around them with irritating plastic films They used a 
material “polythene cellophane” in four human cases and produced marked 
fibrous reactions around the aorta This was attributed to the use of an 
impure plastic Yaeger and Cowley^® have recently used polyethylene as a 
fibrous tissue stimulant in the treatment of aneurysms and recurrent hernias 
Pure polyethylene had no tissue reaction whereas polyethylene with dicetyl 
phosphate retained from its preparation produced a marked reaction 

HurwitP^ recently repoited the use of polyethylene tubing in animals as 
a vascular shunt to overcome pulmonary stenosis HackwortM® replaced the 
thoracic aorta with polyethylene in dogs In both studies clotting in the 
tube, and tissue reaction, were reported minimal 

Ferris and Grmdlay^® have adapted polyethylene to various urologic 
procedures Both polyvinyl chloride and polyethylene had distinctly less 
encrusting from urinary salts and organic material than the usual rubber 
catheter 

Brown’^'^ and his co-workers have attempted direct methods of anastomos- 
ing the common bile duct, trachea, and pelvic colon respectively with molded 
polyethylene tubes In these studies they noted no tissue reaction to poly- 
ethylene and no tendency for the plastic to deteriorate or for the tubes to 
become blocked with secretions or solid material 

DESCKIPTION~Or POLYETHYLENE 

Industry has developed a large variety of plastics but very few have 
been found to be sufficiently well tolerated m tissue to be of value in surgical 

* “Med-O'seal,” A C Balfour Co , Englewood, N J 
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\\ork Sludics with pohctlnlcnc ha\e pioduced such varying results that 
it IS of Mtal necessity that those using it be absolutely familiar with the 
ph}sical and clinical piopciLics of the pioduct 

Pohcthjlene (pohUicnc, Mcd-o-scal) is a thci mo-plastic, synthetic resin 
and has probabh the simplest formula of all the plastics It consists of carbon 
atoms joined into chains, each caibon cai tying twm atoms of hydiogen These 
chains consist of scvcial hundred to more than a thousand such units with a 
molecular weight of approximate!) 18,000 

Pohcth)lcne is produced commonh b) two methods The first is by 
“sohent cast*’ with the use of stippling agents, plasticizeis and antioxidants 
This fiequentl) icsults in an impuie plastic as noted by Yaeger and Cowley 
The preferable method of picparation is b) “cxtiusion,” wdieiem the plastic 
IS converted by heat and prc'^sni c into the desired tubing 

The latter product, winch we found best adapted to our uses, is flexible, 
chemically inert, fluid rcpcllant, and inexpensive It is not affected by con- 
centiated Indrochloiic, sulfuric, and hydrofluoric acids, and it resists con- 
centrated sodium Indroxide The plastic is lesistaiit to tissue fluids at body 
temperature for prolonged peiiods It has the non-coagulant propeity that 
charactenzes paraffinic pioducts w'hen the) aie bi ought into contact wuth 
blood 


MDTIIOD OP STUDY 

A Choice oj patients The patients in this senes ranged in age from 18 
months to 74 years They were, in geneial, studied following major surgery, 
when intravenous therapy was extiemely difficult and m a few instances almost 
impossible The tecimic w'as emplo)ed solely by the Department of Clinical 
Investigation at the request of the surgical senuces A close record was kept 
indicating length of time that the tubing w^as left inserted, type of solution 
given through the tube and any complications wdiich ensued 

B Techmc Two different calibers of tubing weie available The smaller 
caliber (for penicillin and heparin therapy) passed through a thm wall BD 
No 17 needle The laigei, wdiich w'as used when blood, plasma, or protein 
solutions were to be administered, or when rapid infusion might be needed, 
w^as inserted via a No 14 BD needle The intravenous tubing and accessories 
set are kept as a unit on a small cart which can be readily transported to 
the bedside (Fig i) It has been our practice to boil the tubing in glass tubes 
which prevent bending of the plastic They are then stored in a tray containing 
I to 1000 aqueous solution of benzalkonium chloride (Zephiran Chloride 
NNR) Polyethylene does not withstand autoclaving, due to its low melting 
point 

The appropriate vein is selected and the field prepared and draped with 
the usual sterile precautions A small amount of i per cent novocaine is given 
intradermally and subcutaneously, and a small incision is made with a No 5 
Bard Parker blade 
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Fig I — Unit of intravenous tubing and accessories 



Fig 2 Fig 3 

Fig 2 — Insertion of tubing after the syringe is detached, and with the needle held 
carefully in place, the plastic tubing is passed into the vein 
3 — Jugular tubing maintained in place with a butterfly adhesive and suture 

tied around it 
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"l he thin Xi> 1 } r.n needle is niseiled into the \cin using a 5 cc 
s\nngc lo.ithd with 1 ic ot hep.inn a small amonnl of which is injected 
into the needle as so^n as it enteis ilu \eni '1 he s\nnge is then detached 
.nul, with the luedle held larefnlh in pl.ue. the jilastit tubing is p.issed into the 
\eiii foi A v.minii length, deptnding 011 the sge selected (J'lg 2) A small 
anionnt ol hepaiin is instilled into the plastic tube pi 101 to nisei tion With 
digital jnessuie oxet the \em Indding the tubing in place, the needle is 
withdrawn A bhiiil nosid Xo iS HI) needle is niseited into the fiee end 
of the tubing and the remaining liepaiin injected into the tube to pi event 
clotting 

It an nifusion is to be stalled it max be attached bx using a Lnei-Lok 
adaptoi Otherxxise the lube max be cOeclixelx sealed oft with a Lnei-Lok 
plug Jugulai tubing is best maintained m place with a butteifly adhesive and 
sutuie tied aioiind it ( I'lg Fdastic adhesixe adds stability and is suf- 
ficient when the fcmoial xem is used 

The tubing is rinsed out xxith sterile isotonic saline folloxxing plasma 
or blond infusions Following each use oi at least txxicc a day, ^ to i cc 
of hepaiin’* should be instilled into the tube This may be discontinued after 
the first four to fixe daxs if the tube is being maintained xvith constant in- 
fusions of isotonic aqueous solutions 

Changes of the diicction and position of the tube aie sometimes necessaiy 
to permit frcei moxement of the patient and inoie ease in infusing and xvith- 
diaxxing specimens thiough the tube The xxithdraxxal of blood specimens is 
facilitated bx the use of a tube xxith sexeial latcial openings at its distal end 
Continuous nitiamusculai thciaji} ma> be earned out by the inseition of the 
smallci catheter through a long No 17 BD thin xx'^all needle tindei the fascia 
lata of the thigh 

C Choice of vcw The arm, while frequently presenting large veins, has 
obx’ious limitations The cathetei must be inserted pioximal to the ante cubital 
fossa to avoid xalxes and bending at the elboxv Arm motion also causes 
mechanical irritation of the vein by the tubing unless it is inserted for a suf- 
ficient distance to entei a large x'essel It has been our expeiience that when 
the tubing occludes the x ein, edema results, probably as a result of mechanical 
irritation In this study the large veins, 1 e . jugular and femoral, xvere found 
to be the most satisfactory location for intravenous catheterization 

besults 

The tubing first utilized in this study was polyvinyl chloride similar to 
the one used bv McOuigg foi intramuscular injections In our preliminary 
senes of eight patients sfveral local reactionsf occurred which led to the use 
of polyethylene on the theory that it represented a purer plastic 

* Five to 10 mg Heparin Sodium, Uplohn 

t We believe these reactions were due to impurities m the preparation of this tubing 
since we are now using a BD polyvinyl tubing with excellent results 
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The observations made m this study are summarized in Figures 4 and 5 
Successful intubation was achieved m 54 cases out of a total of 72 The results 
were completely satisfactory in 42 cases out of 48 where large veins (jugular 
and femoral) were catheterized In no cases was it impossible to introduce the 

INTRAVENOUS TUBING COMPLICATIONS 



NO OF PATIENTS 

Fig 4 


tube, although repeated attempts were necessary in some instances One jug- 
ular tube remained patent for 39 days and was removed electively without 
complication * A femoral tube was similarly effective for 35 days 

Symptoms of mild phlebitis were noted in 16 cases These consisted of 
a temperature elevation, and pain, or edema in the area intubated Frank throm- 


INTRAVENOUS TUBING 
DURATION OF INSERTION 



DAYS 


Fig 5 


bosis was encountered in three cases Avhere smaller veins were used It is 
interesting that these thromboses occurred at three, eight and 17 days re- 
spectively We have tended to be conservative and remove the tubing at 
any evidence of local reaction _ 

* A short clinical history of the patient is appended to this report 
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nifaLLSSION 

Inlra\cnon‘^ calhclcn7alion has piONCcl its value in this senes of 72 
patients The indwelling tubes alle\iatcd patient discomfort and were con- 
\cnient and time sa\ing to the house staff The tuhmg was well tolerated and 
pronded consideiahlc patient mohilit) Blood, plasma, and hypertonic solu- 
tions ^^ele gi\cn without din'icull) and at a satisfactoiy late 

From the data reported aho\e, it apjicais that the biggest disadvantage 
of indwelling intra\cnous catheters is local irntation to the vein This irrita- 
tion IS probahh mechanical in nature since it tended to occur wdiere small 
\eins were used This di aw hack was cncumvcnted by intubating the jugular 
(cerncal) 01 femoral veins Close obsenation during the initial period to 
insure proper placement and function of the lube is desirable Thus, the pos- 
sible complication of too lapid infusion is obviated The theoretical possibility 
of aspiration of air is pre\cnted by haMiig the patient in a lecumbent position 
with the open end of the tubing below the heart when specimens aie with- 
drawn or infusion started Caicful technic with the femoial puncture is in- 
dicated to prc\cnt possible reflex aiteiial spasm In patients who have under- 
gone extensive low cr abdominal surger) w c do not use the femoral route due 
to the possibiht) of fuithei complicating an established phlebitis 

Further modifications of technic, particularly the use of a smaller tubing 
for peripheral veins, arc indicated Such a plastic tubing nisei ted in the op- 
erating room under anesthesia at the beginning of the operation would add 
to the patient’s comfort and facilitate paienteial therapy during the early 
postoperative period 


SUMALVRY 

Therapy was carried out by means of indwelling intravenous polyethylene 
tubing m a senes of 72 cases 

Ten local reactions, including three frank thromboses, were encountered 
in 1 8 patients whose arm veins w^ere used Six minor reactions occurred in 
43 patients in whom the jugular or femoral veins w^ere employed ' 

In one case the tubing w^as maintained foi 39 days 
The procedure of intubation is presented and its limitations and advantages 
are discussed 


CASE HISTORY 

M P , Hospital No 75596, a 26-year-oId female with Hodgkins disease was admitted 
to the Research Ward for study of a progressive anemia following radiation and HN2 
therapy 

It was felt that the possibility of hypersplenism suggested by the anemia and the 
splenomegaly justified splenectomy, which was carried out on January 17, 1948 The 
operation was complicated by a severe hemorrhage, necessitating intra-arterial transfusion 

Venipuncture was extremely difficult in the immediate postoperative period due to 
shock, multiple vein ligations and sclerosis from previous chemotherapy A polyethylene 
tube was inserted into her left jugular vein on the first postoperative day 
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For several weeks parenteral feeding and hydration were earned out through this 
tube As much as 3500 cc of fluids were administered in 24 hours without any difficulty 
or discomfort Infusions were stopped nightly without plugging of the tube 

After 39 days the tube was removed, and the patient was discharged The jugular 
vein was not palpably thickened The small sinus tract which remained, healed completely 
in 24 hours 
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ESE or DUTIIEHMI IN EROPinXANIS OF ABDOMINAL ADHESIONS 

fh^foncal hachqionmi SmillP m i9-}o reported the use of fever therapy 
m two cases of niechanical small bowel ohstuiction due to pelvic inflammatory 
disease These cases had both been chaiactenzcd by lepeated episodes of bowel 
obstruction due to iiitiapcntoneal adhesions resulting from old gonococcal 
pchic infection Following fewer therap) treatments using the Kettering 
lupertherm foi two to three houis at inteivals of one to thiee days for four 
to SIX tieatments further episodes of intestinal obstiuction did not occur 
The \aluc of Inpcithermia m cases of gonococcal and non-specific pelvic 
inflammator} disease had been pieviously noted by other wmrkers in this field 

During the peiiod of 1942-3 ten cases of bowxl obstruction due to intra- 
pentoneal adhesions were tieated at the Univeisity of Minnesota Hospitals 
Mith short wave diatherni} following enterolysis The following case is cited 
as an example 

Case History — In 1919 this 42-j car-old male (U H No 725832) had an appen- 
dcctonn for a perforated appendix Subsequent to this operation tw'o laparotomies had 
been performed for adhesue bowel obstruction In 1942 a total colectomy w'as performed 
at the University of Minnesota Hospitals, numerous adheswe bands were divided at the 
time of this operation Two weeks later the patient developed a mechanical small bowel 
obstruction due to adhesive bands Laparotomy and enterolysis were performed During 
the first seven postoperative dajs the patient received short wave diathermy treatments 
Three 15-mmute treatments were given daily, employing the coil with 135-140 M A 
dosages The subsequent course was uneventful and no further attacks of bowel obstruc- 
tion ensued 

No specific theiapeutic effect of short wave has ever been shown other 
than that due to the heat production wuthin the tissues Carlson and Orr^ 
studied the effect of heat applied to the abdomen of dogs Moist flannel 
covered by an electric pad at a temperature of 106-109° F was used for one 
hour and the temperature in the midcolon checked by means of a long rectal 
thermometei An aveiage rise of temperature within the colon of 12° F 
and an average body temperature rise of 5° F was noted Kymographic 
tracings of the dog’s jejunum made during the application of heat showed 
no change in intestinal tone or movements They also found that the prolonged 
(three hours) application of heat did not cause any significant increase m the 
mtra-abdominal temperature Tuttle and Fitts® studied the effect of short 

Supported by a Research Fund from the Graduate School of the University of 
Minnesota Submitted for publication March, 1949 
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wave diathermy on various phases of skeletal muscle activity and found all 
phases to be shortened with tire greatest change occurring in the period of 
relaxation Schlaepfei^ noted a slightly increased rate of intestinal contrac- 
tion after diathermy, but no increased strength of the contractions He found 
little roentgen-ray evidence of increased intestinal activity with diathermy 

On the basis that short wave diathermy appeared to have had a favorable 
effect on redevelopment of mtraperitoneal adhesive bowel obstruction in the 
patients so treated at the University of Minnesota Hospitals, an experimental 
study was carried out on dogs to determine the effect of diathermy on intra- 
abdommal adhesions 

Methods of pioducing adhesions Two technics were employed to produce 
the adhesions 

1 In one series of dogs adhesions were produced by rubbing the terminal 
two feet of small bowel with dry gauze followed by the application of 7 per 
cent tincture of iodine to the traumatized bowel Laparotomy was repeated 
two to four weeks later and the extent of adhesive formation was estimated 
The usual finding was a coiling up of the terminal two feet of small bowel 
with dense adhesions between the coiled loops and adhesive bands between 
the traumatized bowel and parietal peritoneum and omentum The adhesions 
were divided by sharp dissection with careful attention to hemostasis 

2 Ordinary glove talcum powder was used to produce adhesions Under 
intravenous nembutal anesthesia the terminal two feet of small bowel was 
very gently scarified with dry gauze and a minute amount of autoclaved 
talc powder (always less than 5 Gm ) w^as dusted over this bowel surface 
and the abdomen closed Laparotomy was repeated one to three w'eeks later 
and in every instance dense adhesive formation had resulted The traumatized 
bowel was usually coiled up in a dense adherent mass with the omentum 
adherent thereto Small granulomatous areas were usually present on the 
mesentery, omentum, and serosal surface of the small bowel 

General effects of diatheimy Observations were made on the effects of 
short wave diathermy on the exposed bowel, intra-abdommal and rectal tem- 
peratures and respiratory rate of the anesthetized dog and on the rectal 
temperature and respiratory rate of the non-anesthetized dog Increased 
respiratory rate is the outstanding effect of short wmve diathermy on the dog 
Respirations become rapid and panting within a few minutes after the appli- 
cation of the diathermy coil or pads 

The average respiratory rate of a dog at rest is 15 to 25 a minute 
Diathermy rapidly increased the rate to 100 to 300 per minute Hemingway® 
has shown that this increased rate is associated with a decreased tidal volume, 
supporting the theory that the heat stimulation causes a rapid air movement 
over the moist surfaces of the mouth, tongue, and pharynx without too great 
an air movement in the lung alveoli 

Effects of diathermy on the anestliehsed dog The dogs were anesthetized 
with intravenous nembutal, the diathermy pads applied to the sides of the 
abdomen, the abdomen opened through a midline incision, and observations 
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made on the local cflecls on the exposed bowel, inlia-abdominal and rectal 
icmpeiatnrcs. and lespn.Uon lale Within a few^ minutes after institution of 
the dialheimy ticatmcnt, the bowel became edematous and hypeiemic and 
small dioplcts of fluid appealed on the sciosal suiface Inci eased peiistaltic 
actiMtN, manifested by mcica^-ed lalc and sticmrih of intestinal contractions, 
was noted 
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1 cnrili of 
Ttcitmcnl 

Ri*-c 

Rcctil intri nlul 

Per Minute 
Initnl Final 

IS Mm of 
Diathermy 

IS Min of 
Diathermy 

t No ') 

1 000 

70 min 

1 3°C 

3 7'>C 

20 

260 

1 7°C 

24 

2 No S 

1 'iOO 

27 min 

7 ” 

S ^ 

20 

300 

1 S" 

16 

1 No 6 

1 000 

1 IS min 

1 1“ 


16 

20S 

1 4“ 

70 

■5 No 20 

3 000 

•IS nun 

3 O'* 

1 6® 

12 

86 

1 4° 

2 


Table I summari/cs the eflects of diathermy on the anesthetized dog Dogs 
Xo 4, 5, 6 and 29 expiied after a piccipitous rise in temperature Autops> 
re\calcd a gra\ish cooked appearance to the small and large bow^el, with 
congestion, cdem.i. and petechial hemorrhages scattered over the serosa and 
mesenter) The abdomen was not reopened m dog No 6 

Table II summari/es the eflects of diathermy on the non-anesthetized 
dog With identical dosages of diathermy the maximum rectal temperature 





Table II — Effects of Dtathamy on 

Noii-Anesiheti 

ced Dog 










Rectal Tem 

Respiratory 









perature Rise 

Rate Increase 






Total Temperature 

Respiratory 

During First 

During First 




Dosage 

Length of 

Rise 

Rale Increase 

15 Mm of 

15 Mm of , 

Dog No 

(M A ) 

Treatment 

(Rectal) 

Initial 

Final 

Diathermy 

Diathermy 

1 

No 

8 

3 000 

30 min 

6'’C 

26 

180 

4°C 

155 

2 

Xo 

9 

3.100 

1 10 mm 

2° 

80 

320 

0 

180 

3 

No 

10 

3,000 

65 mm 

1 6° 

40 

280 

1 6° 

170 

4 

No 

11 

4,500 

40 mm 

3° 

100 

260 

3° 

140 


rise w'as 7° C in the anesthetized dog as compared to i 6 m the non- 
anesthetized dog There was a lag in the increased rate of respiration 
in the anesthetized dog receiving diathermy, two of the four dogs showing 
little change until shortly before death The best guide as to diathermy effect 
in the non-anesthetized dog was the respiratory rate There was no sa e 
guide as to what constituted a safe dosage of diathermy m the anesthetized dog 


EXPERIMENTAL STUDY ON USE 
SHIP TO FORMATION 


OF SHORT WAVE DIATHERMY IN RELATION- 
OF lNTRA”ABDOMINAL ADHESIONS 


In the experimental study to be described the diathermy treatments were 
not begun until the first postoperative day The treatments were given for 
prolonged periods (one to six hours) and the dosage guided by the tolerance 
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of the dog When the dog showed evidence of fatigue and excessive panting 
lespiration the heat was discontinued foi a few minutes In one dog diathermy 
treatment was instituted immediately after completion of enterolysis and while 
the dog was still under the influence of the anesthetic After one hour the 
temperature showed a precipitous rise, respirations became shallow and irreg- 


Table III — Diaiheimy Treated Dogs 


No of 
Days 


Dog No 

Method of 
Producing 
Adhesions 

Average 

Dosage 

Duration 
of RX 
Daily 
(Average) i 

Temp 

Rise 

(C) 

(Average) 

Resp 

Rate 

Rise 

1 (Average) 

Dia- 

thermy 

RX 

Given 

Degree of 
Reformation of 
Adhesions After 
Diathermy RX 

Bowel 

Obst 

1 

No 

49 

Tr iodine 

3800 M A 

60 mm 

6° 

20-200 

10 

More extensive 

No 

2 

No 

52 

Tr iodine 

3600 M A 

80 min 

4 

16-210 

14 

Slightly less 

No 

3 

No 

S3 

Tr iodine 

3500 M A 

75 mm 

5 

20-230 

9 

More extensive 

No 

4 

No 

38 

Tr iodine 

4000 M A 

60 mm 

1 1 

18-190 

7 

More extensive 

No 

5 

No 

13 

Talcum ponder 

3500 M A 

180 mm 

4 

28-240 

4 

More extensive 

No 

6 

No 

16 

Talcum powder 

3200 M A 

250 mm 

5 

34-260 

6 

More extensive 

No 

7 

No 

17 

Talcum powder 

3400 M A 

200 mm 

3 

48-215 

7 

More extensive 

No 

8 

No 

25 

Talcum powder 

3600 M A 

180 mm 

2 

20-200 

9 

More extensive 

No 

9 

No 

18 

Talcum powder 

3500 M A 

160 mm 

3 

26-216 

8 

More extensive 

No 

10 

No 

27 

Talcum powder 

3500 M A 

1 80 mm 

3 

24-200 

9 

More extensive 

No 

11 

No 

10 

Talcum powder 

Dog expired while receding diathermy immednteK 
anesthesia 

p 0 and while j et 

under 


ular, and death quickl} ensued The reason foi the intoleiance to diathermy 
undei geneial anesthesia is not cleai, but the danger was sufficiently definite 
to contiaindicate its continued use m the anesthetized animal 

Two senes of experiments ^\ere run, one employing tincture of iodine and 
the other talcum powdei to pioduce the adhesions A total of 22 dogs was 



Table IV — 

Controls 




Method of Producing 

Degree of Reformation 

Bowel 


Dog No 

Adhesions 

of Divided Adhesions 

Obstruction 


1 No 47 

Tr of iodine 

Greater 

No 


2 No 54 

Tr of iodine 

Greater 

No 


3 No 55 

Tr of iodine 

Greater 

No 


4 No 44 

Tr of iodine 

Greater 

No 


5 No 56 

Tr of iodine 

Greater 

No 


6 No 2 

Talcum powder 

Greater 

No 


7 No 14 

Talcum powder 

Greater 

No 


8 No 19 

Talcum powder 

Same 

No 


9 No 1 

Talcum powder 

Greater 

Yes 


10 No 8 

Talcum powder 

Greater 

Ye= 


11 No 12 

Talcum powder 

Greater 

Yes 




studied, ii of which served as a contiol gioup Laparotomy was performed 
three to four weeks after the production of the adhesions and a quantitative 
estimate made of the extent of the adhesive process Diathermy treatments 
were begun the following day and given daily thereafter for foui to 14 days 
Laparotomy was repeated one to two weeks following the last diathermy 
treatment and again a quantitative estimate made of the extent of adhesive 
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EFFixr OF ni\iin:inn upon abdominal adhesions 

NUIBUcr > 

toimalion Table-^ 111 and 1\' ^uimnati/c the data in the dmtheimy tieated 
and the contjol ';ciic‘; of do^s 

Stininhvy The cinitcal inipicssion that shoit \va\e diatheiniy is of value 
in pic\cntu>n ol loiniation of inti.i-ahdonnnal adhesions vas not substantiated 
h\ cxjieinncntal eMdence Xithoiu^h no ohstiuction occuned in the tieated 
gioup of dogs the extent of letounation of dixidcd peiitoneal adhesions was 
the same in the diathci nn -tieated dogs as in the contiol senes 
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THE EFFECT OF DICUMAROL UPON POSTOPERATIVE 
PERITONEAL ADHESIONS* 

Beverly H White, M D f 

BaMIMOKE, MAnYI,AlfD 

PROM THL SURGICAL HUNTERIAN LABORATORY, JOHNS HOPMNS MEDICAL SCHOOL BALTIMORE 

Reports by Lehman and Boys^ ' and Miki and Santani® have suggested 
that the incidence and extent of postoperative peritoneal adhesions may be 
reduced by the intioduction of heparin into the peritoneal cavity at the time 
of operation and in the eaily postoperative period Subsequent work'^ seems 
to cast doubt on the effectiveness of this means of therapy Since this problem 
IS in a state of flux and since no adequate means of therapy is available at the 
present, this study was undertaken to determine the effect of Dicumaroli on 
peritoneal adhesions Dicumarol, like heparin, is a potent anticoagulant, 
although its mode of action is different ^ However, the end result in regard 
to fibrin formation is the same The method by which healing and hence 
adhesion formation occurs is well known and will not be reviewed here 
Suffice it to say that fibrin must be present before the formation of scar tissue 
can take place The rationale behind the use of anticoagulants to dimmish the 
development of peiitoneal adhesions depends upon their ability to effect a 
reduction in the amount of fibrin which can be formed 

Adequate animal experimentation and clinical use have already shown 
that surgical procedures can be safely carried out in the presence of a lowered 
prothrombin activity produced by Dicumarol, provided complete hemostasis is 
obtained before the incision is closed ® 

>n3THODS 

Twenty-Six healthy mongrel dogs, weighing from 48 to ii 5 Kg were 
used in these experiments The}^ were divided into three groups (i) a con- 
trol group of SIX animals, (2) an experimental group of 14 animals, and (3) 
a severely dicumarohzed group of six animals 

In groups one and two, prehmmar}'^ operation consisted of laparotomy 
and abrasion of the serosal surface of the small bowel with dry gauze Four 
segments of bowel 15 cm long and equally spaced between the ligament of 
Trietz and the ileocecal valve were rubbed lightly with a pad of dry surgical 
gauze Slight oozing of the rubbed area was produced intentionally in all 
cases This bleeding ceased spontaneously before closure The surface area 
of the serosa damaged by this procedure was approximately 150 square cm 
At the close of the operation 2 5 Gm of crystalline sulfanilamide was sprinkled 
m the peritoneal cavity to aid and abet the formation of adhesions 

All animals were anesthetized with intravenous Nembutal (initial dose 
30 mg per Kg , additional amounts as necessary) He mostasis in all opera- 

* Submitted for publication January, 1049 

t William Stewart Halsted Fellow in Surgery , 

X Dicumarol is the registered collective trademark of the Wisconsin Alumni Researc 
Foundation, which controls the use thereof 
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wtTr-V" HFri'CT or dicim \kol i-pon posiomR'M'ivr: adhesions 

tions was ohlained h\ fine vilk hs^atmc. w.nni sahnc packs and by use of the 
clccUocautciN . Xo dic‘'‘'m»4s wcie u'^od on the opci.Ut\c incisions 

Orisjinalh ii wa^ jdanned to count the nuinhci of adhesions whieh foiined 
following this pioccdine. hut this method was found to he undcsiiahle in that 
a true picture of the actual amount of seiosn iinolvcd could not he obtained 
Consequenth , it was decided to estimate the atca left haie of setosa after 
di\ision of the adhesions (li.nc aien) 

Ele\en to '^5 da\s aftei the ))iehmm.in ojicialion the cxpenmcntal group 
was guen Dicumarol In mouth to jiroducc a lowcicd piothromhm activity 
Thc-aiiinials m both gioups weie then opeiatcd upon thiough a new^ incision, 
the adhesions divided and the haie aiea estimated The piothromhm activity 
of the animals in group two was kept at a low level foi fiom foui to 15 days 
and the animals wcic saonficcd eight to 21 davs aftci lysis The contiol 
animals were saciificcd nine to 32 davs aftei Ivsis 

The animals in gioup thiee received the same prchminaiy operation as 
the other groups, hut w ere giv cn masstv c doses of Dicumarol before the gauze 
abrasion With such scvcic dcjiicssinn of the piolhiomhm actnuty, hemostasis 
was almost impossible to obtain and no expenments legarding the reforma- 
tion of adhesions were attempted It is realized lliat a piothiombm activity 
tins low would not he piodnccd chnicalh These expenments were done 
merely to ascertain the maximum effect one could expect fiom Dicumarol 
therap) 

Prehminarv studies show’cd our dogs to hav^e a noimal prothrombin time 
of seven to eight seconds hv the method of Quick The Dicumarol dosage 
was regulated m the same manner that it is done clinically The initial dose 
was TOO mg and additional doses of 2^ to 50 mg were given as indicated 
by the daily prothrombin activity The dilution curve for piothiombm activity 
m the dog show s a much steepei climb at the low'ei percentages than does the 
human curv^e As a result the regulation of the prothrombin level m a narrow 
range is verv’^ difficult At the time these expenments were planned, it was 
decided to keep the prothrombin activity betw^een 10 and 30 per cent of 
normal This proved all hut impossible and when the results were tabulated, 
the range was from 7 to 60 per cent 

RESULTS 

Control dogs The total bare area after lysis of the adhesions resulting 
from the gauze abrasion ranged from 3^ 5 fo 55 5 square cm with an average 
of 46 2 square cm (Table I) All of the adhesions were well formed, tough 
and showed no tendency to stretch There was a preponderance of large sheet 
adhesions Nine to 32 days later when the animals were sacrificed, the bare 
area which had reformed ranged from 68 5 to 19S square cm with an average 
of 1067 square cm This amounts to an average reformation of 231 per cent 
m adhesive area In most cases, the entire small bowel was bound firmly 
toeether in a hall In all cases a loop or loops of small bowel were adherent 
to both operative incisions In a few cases loops of bowel were adheient to the 
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liver, spleen, stomach oi bladder Theie was no gioss difference in the char- 
actei of number of adhesions piesent foi nine days as contrasted to those 
that had been present for a longei peiiod 

In the 12 operations pei formed on these animals, hemorrhage from the 
operative incision did not occur (Table II) Theie was a small superficial 
■wound disiuption in one animal 



Table I 

— Rejorvtahon of Adhesions 




Average Size 

Average Size 

Average Percentage 



of Bare Area 

of Bare Area 

of Reformation 

Group 

of Dogs 

at Lysis 

at Sacrifice 

of Adhesions 

Control 

6 

46 2 

106 7 

231 0 

Experimental 

14 

45 S 

11 3 

24 6 


Expel nnental dogs The adhesions resulting from the preliminary opera- 
tion weie equal in all lespects to those found m the control group The bare 
aiea aftei lysis ranged fiom 38 to 545 square cm with an average of 458 
square cm This compares favoi ably wuth an average of 46 2 square cm m the 
controls As stated above, the prothiombin activity at the time of lysis and 
in the postoperative pei lod ranged fi om 7 to 60 per cent This level was main- 
tained for four to 15 days postopei atively The animals w^ere sacrificed eight 
to 21 days after lysis Hemostasis m these animals w'as only slightly more 
difficult to obtain than in the conti ol animals 

At the time of saciifice, the baie aiea langed from 2 5 to 15 square cm 
with an average of 1 1 3 square cm This represents a 24 6 per cent reforma- 
tion of the adhesive aiea as compared to the 231 pei cent refoimation in the 


Table II — The Effect of Dicunmol on JVotiiid Hcahng 


Group 

Number of 
Operations 

Hemorrhage 
from Incision 

Wound 

Disruption 

No 

Per Cent 

No 

Per Cent 

Control 

12 

0 

0 

1 

8 3 

Experimental 

14 

3 

21 4 

2 

16 7 

Severely dicumarolized 

1 6 

6 

100 0 

5 

83 3 


control group Actually, the difference het\veen the seiosal areas involved 
as marked as it is, by no means gives a true pictui e of the total gross change 
The adhesions not only were smaller m size and few^er in number, but they 
were some'vsfhat elastic and appeared pooil}' foimed Vasculaiization was 
noticeably less than in the conti ols In onh^ one instance w'as the small bowel 
adherent to the operative incision and in no instance was the spleen, liver or 
stomach involved Lysis of these adhesions was moie easily accomplished 
than in those resulting from the preliminary operation The adhesions present 
in those dogs dicumarolized for only four days postoperatively seemed the same 
in all respects as in those animals dicumarolized for longer periods 
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\ olump I 'll EFFECT OF DICl'M \ROL UPON POSTOPERATIVE ADHESIONS 

Niiralior 1 

Slight postopcMtuo oo/ing lioni ihc iiKisioii oLCuncd in thiee oi 214 
pei cent of thci'C animals. Init il ccastMl spnnlaneoiibly ^^^lh veiy IiUle loss of 
blood A minimal wound diMupUon {Rcniicd m two of these dogs In each 
instance this was about a halt nuh long ,md extended only thiough the skin 
and subcutaneous lascia In no instance was theic disuiption of the deeper 
la}eis Aside fiom these two small disiuplions, no difieience was noted be- 
tween the healing of the ojiciatnc incision 111 this gioiip and m the control 
animals 

Scinrly dicuuiaiolictd r/nr/c d he piotlnomhm tunes in the animals of 
this gioup dm mg opciation and m the pnstopciativc pciiod ranged from 
42 to T0.800 seconds 01 ftom ii to less than 125 pei cent irrothiombm 
actiMl> Hemostasis was almost impossible to obtain and constant 00/ing fioni 
the opeiatue site occuiied \11 of these animals died fi\e to scmii days post- 
operatneh from hcmoiihagc 

At autops\ , the haie aiea i.mged tiom none in one animal to 45 square 
cm with an axeiage of i } s(|uaie cm The picMOUsl) abiadcd aiea appeared 
to be coinplctcl\ healed 1 heie were \ar\mg amounts of blood in the peritoneal 
caMt} and all of the aininaN had pcteclnac and ecch}moses scatteicd thiough- 
out the muscles and Msceia Wound disiuptions occinied in five 01 ^ 

per cent In no case did this nnohe all of the la\eis of the abdominal wall 


msciT'5'^iov 

The results obtained show that Dicumaiol is eflective in reducing the 
extent of postopciatue adhesions undci the conditions of these experiments 
Allowing a large ciroi foi the inaccuiatc mannei in which the amount of 
serosa iinoKcd was estimated the diflerence is still maiked betw'een the 
results m the control and ticated gioups The control animals show^ed an 
aACrage reformation of adhesive aiea moie than nine times that of the treated 
animals In addition to this the icformcd adhesions were much tougher and 
more extensive Wc wish to point out, however, that therapeutic doses of 
Dicumarol did not prevent the reformation of adhesions in a single instance 
In only one case was there an absence of adhesions following treatment vvit 
Dicumarol This result occurred in an animal that expired on the t pos 
operative day from hemorrhage after leceivnng massive doses of tie lug 
The results obtained here agiec with those reported by e man an 
BojsFi''* These authois were able to reduce the per cent 0 re orme a 
hesions from 156 in the control gioup of animals to 26 m tie amnia s 

iKparm Bloor al on the othe, hand, observed less than an e ght 
per cent decrease ni the likelihood of adhesion formation i\ len tep , 

used In their expennienls on the ^ emd in the control 

nnization did not decrease the incidence ovei that ooser 

animals T'bis discrepancy m i esults is apparently adhesions 

and Bovs reported percentages which referred t , ^ fUe senes m 

developing ,n each dog, and not to the P-— joy m the 
which adhesions developed On the other hand, 
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stress on whether an animal did or did not develop adhesions If the amount 
of peritoneal involvement in both of these series is contrasted, the discrepancy 
becomes moie apparent than real In Bloor’s control group, the average extent 
of serosal involvement increased from 69 cm before lysis to nine cm 
after lysis — a reformation of 1304 per cent in adhesive area In the treated 
group the extent of serosal involvement decreased from eight to six cm, 
a reformation of adhesive area amounting to 75 per cent Thus, treatment with 
heparin produced a 55 4 per cent advantage over non-treatment We believe 
that this interpi etation of these results is permissible if it is kept in mind that 
the complications accompanying adhesions are probably influenced by the 
number and extent of the adhesions present 

One important point mentioned previously by others^®’^® and illustrated 
by the woik of Bloor ef al is that in a given group of individuals certain 
ones are more prone to form adhesions than others This “adhesive diathesis”^® 
makes it difficult to evaluate the effect of an agent that diminishes the num- 
ber of adhesions but does not prevent them 

The available data seems to indicate that the severity but not the in- 
cidence of postoperative peritoneal adhesions in dogs can be reduced by anti- 
coagulant therapy 

It should be stressed that this is an experimental study in dogs only and 
that no recommendations regarding the application of this method in human 
beings IS intended 


CONCLUSIONS 

1 The results obtained with the use of Dicumarol for the prevention of 
postoperative peritoneal adhesions m dogs are presented 

2 In these experiments the use of Dicumarol reduced the extent of ad- 
hesions over 200 per cent 

3 Anticoagulant therapy for four days postoperatively appears to be as 
effective as for longer periods of time 

4 Heparin and Dicumarol appear to be effective in decreasing, but not 
m preventing postoperative peiitoneal adhesions in dogs 
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THE EFFECT OF HEPARIN ON GELATIN SPONGE HEMOSTASIS* 
Wm J Grove, M D , and C W Vermeulen, M D 

Chicago, Ili, 

FROM THn DEPARTMENT OF SURGERY UNIVERSITT OF ILEINOIS COLEFGE OF MEDICINE 
READ BEFORE THE FORUM ON FUNDAMENTAL SURGICAL PROBLEMS CLINICAL CONGRESS 
AMERICAN COLLEGE OF SURGEONS LOS ANGELES CALIFORNIA OCTOBER 1948 

Evidence has accumulated that gelatin spongef is an effective hemostatic 
in wounds of parenchymatous organs and large vessels - In many instances 
the continued patency of vessels on which gelatin sponge has been used is of 
utmost importance Although the incidence of thrombosis in vessels on w^hicli 
gelatin sponge has been used is piobably no gi eater than those repaired by 
sutuiing, it might at times seem desirable to heparinize such patients How'- 
ei/er, the effect of hepaiin upon gelatin sponge hemostasis is not known The 
purpose of this investigation w'as to deteimme the effectiveness of gelatin 
sponge as a hemostatic agent m the presence of heparin 

METHODS 

In this experiment the effect of heparin on gelatin sponge W’’as tested in 
two types of wounds in 250 Gm wdiite rats The first type of w'ound was 
produced by exposing a lobe of the liver under ether anesthesia Using a razor 
blade a small slice of liver was removed The denuded suiface, approximately 
one square centimeter m size, bled profusely though other experiments have 
show n that this type of w ound ordinarily does not result in fatal hemorrhage 
The second type of wmund used in this study w'as one of the vena cava An 
incision 5 mm long w^as made m the w'all of the vessel in the lumbar region 
Such a wound results m fatal hemorrhage if left untreated In both the liver 
wmund and the vena cava w ound the gelatin sponge w'as applied aftei it w'as 
first soaked m saline solution After application firm pressure wnth the 
fingers w^as maintained foi a period of five minutes 

Suitable control gioups of animals w^ere studied to determine the effect 
of such wmunds left untieated wuth gelatin sponge Other controls w^ere 
observed wdien a celiotomy alone w^as done 

Previous experiments had showm that 10 mg of heparin given subcutan- 
eously in rats of the size indicated pioduced an incoagulable blood for longer 
than four hours Therefore when heparin w^as given, 10 mg w^ere injected 
subcutaneously either before or i, 24, or 48 hours followung surgery 

To determine the amount of bleeding subsequent to the administration of 
heparin, the animals w’^ere anesthetized four hours follownng heparin and the 
abdomen opened The site of application of the gelatin sponge plaque w^as 
inspected and the amount of bleeding into the peritoneal cavity measured If 

* Submitted for publication November, 1948 

t Gelfoam (trade name of gelatin sponge) is manufactured by the Upjohn Co 
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the animal had lost onc-tlnrd of its calculated blood volume, it was consideied 
for this experiment to ha^ c liad massi\ c hcmoi i hage 

in SIJLTS 

The contiol gioiip of eight lats showed that when a celiotomy w^as done 
and hepaiin was gnen one honi following operation, no inti aperitoneal bleed- 
ing occnired This indicated lliat such hemoiihage as might be found in later 
expel iments whcic the luci and vena ca\a wcie incised could not be explained 
as hemoriliage from the abdominal wound 

When Iner wounds wcic pioduccd and patched with gelatin sponge 
massue hemouhage occuriod in all nine animals, if hepaiin had been given 


Tahit I — Rc<!u!i^ 


T% pc of W'ountl 

No Gelatin Sponge 

% Whth 
Number of Massue 
Animals Hemorrhage 

Gelatin Sponge 

% Wth 

Number of Massive 

Animals Hemorrhage 

Cf/iolomi toHiirf 





Hcp-\nn 1 hr nftcr eiirpcrv 

8 

0 



Lf^cr 'roKmfj 





Hcpinn hr fir/orr surgerj 



9 

100% 

Hcpnnn 1 to 4 hrs aficr siirgcrj 

9 

89% 

8 

75 

Hcp'rrm 24 hrs after surgerj 

S 

0 

13 

20 

Ilcpann 48 hrs after surger> 

10 

0 

31 

16 

Vina Ca^a loiiiiJ 





No hcpnnn 

Immediate fatality 



Ileparm 1 hr after surgerj 



n 

0 

Hepann 24 hrs after surgery 



8 

0 

Heparin 48 hrs after surgery 



8 

0 


30 minutes befoie operation This result is as expected, gelatin sponge pre- 
sumably providing a substiate to strengthen a clot, will not be effective when 
the normal blood clotting mechanism is disturbed by large doses of heparin 
If, how ever, the administration of heparin is delayed until after the liver wound 
has been produced and gelatin sponge applied, massive bleeding does not 
invariably occur As expected, the longer the interval of time between oper- 
ation and administration of heparin, the less is the incidence of massive 
secondary hemorrhage Suiprismgly enough, w^hen heparin is given 24 or 48 
hours after operation, bleeding is more likely to occur from liver wounds if 
gelatin sponge has been applied than if no patch of gelatin sponge w^as used 
When wounds of the vena cava were made the immediate application of a 
gelatin sponge patch was life-saving In contiadistinction to liver wounds, 
heparin was found safe when given as eaily as one hour follownng operation 
In no animals where gelatin sponge w^as used and heparin given, i, 24, or 48 
hours following caval injury did massive bleeding occur The results are 
summarized in the accompanying table 
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DISCUSS'ON 

It seems to be definitely demonstrated that m rats with vena cava mjur)^ 
a gelatin sponge patch will prevent massive hemorrhage and that heparin can 
be given safely within one hour of the application of the patch Evidently, 
within a period of one hour the clot formed within and around the gelatin 
sponge IS sufficiently firm and adherent to prevent bleeding even though the 
blood then be made uncoagulable by heparin administration 

With liver wounds of the type described, the results would indicate that 
bleeding may occur through and around a gelatin sponge patch if heparin is 
given as late as 48 hours after wounding This can possibly be explained by 
assuming that bile exuding from the liver bed partially destroys or injures the 
previously formed clot and the slight bleeding that therefore occurs continues 
because the blood is now heparinized, and unable to form new clots In such 
a wound the presence of gelatin sponge serves as a real impairment to healing 
If the same wound is produced, but no gelatin sponge used, heparin can be 
given within 24 hours without subsequent bleeding, the omentum and adja- 
cent viscera become adherent to the liver bed, sealing off the area so no 
bleeding occurs following heparinization 

CONCLUSIONS 

T Gelatin sponge is ineffective as an hemostatic m an already heparinized 

IIU.'l 

2 Animals with wounds of large vessels treated with gelatin sponge may 
; heparinized as early as one hour following injury without danger of 
morrhage 
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TRKVTMrA'T KY ^n.nvnCTOMY AKD SPLEXORnNAL SHUNT 

Rorert a. Mino, AI.D , Arthur L AIurpiii, Jr , AI.D 

Wll MINOTOX. Dj I 
AND 

Robert G. Li^ ingstoxe, M D 

CAMimiDoi, M.\ss 

TROM THr SliRGICAt SLRMCt 01 DR JAMfS G SPACRMAS, MEMORIAL HOSPITAL, 

UIIMINGTON, DEL 

I^IucH ATTENTION II \s in'EN Gi\ EN to veno-veiious shunts in the opera- 
tue tieatment of portal h^’pci tension since Blakcmore and Lord perfected 
the nonsutinc, Viialluini tube technic of blood vessel anastomosis The re- 
cent publications of Blakemoie, Whipple, Blalock, Welch, and Linton and 
their colleagues aftorcl an excellent summary of the currently established 
indications, technics, and immediate clinical lesults of these procedures 

The etiologic aspects of portal lupertensioii have also been reviewed 
in these repoits Sarcoidosis of the liver, a subject which has been omitted 
from consideration, has appaiently not been encounteied as a cause of this 
condition 

The present communication is an account of our experience with splenec- 
tomy and splenorenal \enous anastomosis in the treatment of the incapacitat- 
ing symptoms of portal hjpertension caused by sarcoidosis of the liver 

CASE REPORT 

Mrs E C (M H 62, 2S6), a Negro housewife 26 years old, was admitted to the 
Memorial Hospital on November 24, 1947, because of marked dyspnea and ascites These 
symptoms were related to sarcoid infiltration of the liver and the spleen 

Her first admission to this hospital had occurred on November 12, 1943, three weeks 
after the onset of multiple joint pains, shortness of breath on slight exertion, and weak- 
ness of both legs The details of her family history and past history were irrelevant Her 
arms and legs w^ere covered with discrete, indurated areas of pigmentation which also 
involved the trunk Many shot-like lymph nodes, the largest i and 2 cm m diameter, 
were encountered in the axillary, epitrochlear, inguinal, and femoral regions The liver 
edge was palpable 8 cm below the costal margin, and the spleen was enlarged to the 
level of the umbilicus Routine examinations of the blood and of the urine disclosed no 
abnormalities A chest film showed extensive, patchy lesions in the peribronchial areas, 
especially in both lower lobes There were no roentgenographic changes in the bones of 
either hand The presumptive diagnosis of sarcoidosis was established by histopathologic 
study of an excised cervical lymph node 

Trial of a variety of therapeutic measures m the out-patient department failed to 
prevent a gradual increase in the severity of the symptoms Ascites was demonstrable 
after 18 months of treatment, and on two occasio ns hospitalization was required because 

* Submitted for publication November, 194? Grateful acknowledgment is made to 
Dr John F Hynes, Director of the Carpenter Memorial Tumor Clinic, to Dr John W 
Hooker, Pathologist, and to Dr Robert W Frelick, former Resident in Medicine, for 
their valuable assistance and suggestions in the treatment of this patient 
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of the progressive disability which followed Thorough clinical and laboratory studies, 
throughout the period of illness, indicated that the only active foci of disease were present 
in the spleen and liver and possibly m the spinal cord A state of total invalidism was 
believed to be at hand when accentuated symptoms led to the present readmission 

Physical e\amination The patient at this time was a thin young Negro woman with 
a strikingly enlarged, protuberant abdomen Her weight was 135 pounds, and at the 
level of the umbilicus the circumference of her abdomen was 36 inches A definite 
cyanosis of the nail beds was observed, and a slight degree of dyspnea was evident at 
rest There were no apparent changes in the lesions of the skm or in the groups of 
enlarged lymph nodes which had previously been noted The blood pressure was 110/72, 
the pulse rate \vas 88 The heart and lungs were normal The liver edge extended to the 
umbilicus The limits of the spleen were at the midline and at the left anterior superior 
iliac spine There was moderate ascites The knee and ankle jerks were absent There 
was marked weakness of the extensor muscles of the thighs and lower legs, and there was 
moderate weakness of the other muscle groups No peripheral edema was apparent 
Laboi ato) y findings The red cell count was 3,400,000, the hemoglobin level 12 5 Gm, 
and the white cell count, 5,000 A differential count of 71 per cent neutrophils, 23 per cent 
lymphocytes, 2 per cent monocytes, and 4 per cent eosinophils w'as noted The coagulation 
time was 3I4 minutes , the bleeding time was 2 j 4 minutes The platelet count w'as normal 
The prothrombin time was 52 per cent of the control The plasma protein level was 
661 Gm per 100 cc , representing 275 Gm per 100 cc of albumin and 386 Gm per 
100 cc of globulin With the bromsulfalein test there was 10 per cent retention in 30 
minutes and 5 per cent retention in i hour The cephahn cholesterol flocculation was 
4 plus The Congo red and galactose tolerance tests were negative The concentration 
»f the blood urea nitrogen was 20 mg per 100 cc The urea clearance was 113 
rioo cc The phenolsulfonphthalem test was normal 

A complete examination of the cerebrospinal fluid revealed no abnormalities A chest 
film also indicated that there had been no changes m the peribronchial lesions 

Opoatwn Splenectomy, with the creation of a veno-venous shunt, was recommended 
as the only therapeutic measure thought to offer any prospect of relief Preliminary 
treatment by transfusions and by the administration of a diet low in fat and high m 
carbohydrate and m protein constituents was therefore instituted 

The operation w^as performed on December ii, 1947, (R A M) with the patient 
under spinal and supplemental intravenous anesthesia There w'as a moderate amount of 
clear ascitic fluid in the abdominal cavity The visible serosal surfaces were smooth and 
glistening The spleen was smooth, dark gray, and very firm to touch , it extended to the 
midline and to the level of the left anterior superior iliac spine The liver was somewhat 
hob-nailed in appearance and also very firm to touch, its edge was at the level of the 
umbilicus There were numerous retroperitoneal lymph nodes, the largest almost 3 cm m 
diameter An accessory spleen was found which was about 6 cm in diameter The uterus 
and ovaries were extremely atrophic Moderately enlarged veins were observed m tie 
gastrohepatic omentum and elsewhere in the portal area The left renal vein was about 
I 5 cm in diameter, the splenic vein about 10 mm in diameter 

The pressures in the coronary and middle colic veins wmre found to be equivalent to 
175 mm of saline solution 

No unusual difficulty was experienced 111 the removal of the spleen The pressure m 
the splenic vein was subsequently found to be equivalent to 180 nun of saline solution 
In view of the appearance of the liver, the increased venous pressures were interpreted as 
evidence that the portal hypertension was of mtrahepatic origin 

An end-to-side anastomosis of the splenic and renal veins, with preservation o 
kidney, was therefore created, the presence of enlarged lymph nodes and plexuses ^o^ 
small blood vessels having been considered as a contraindication to the formation o 
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portaca\al ‘;luint The axial placement of a rubbci -co% creel “McWhorter delicate model 
gallbladder forceps’’* on the renal \cm in the course of this procedure was found to be a 
\crj satisfactori method for securing partial occlusion of this vessel The parallel closing 
of Its \cr\ narrow blades assures an c\cn grasp upon the vessel wall, and the flexibility 
of their structure results in mminnl trauma to the intimal surfaces Subsequent palpation 
of the anastomotic site indicated that the stoma was almost i cm in diameter 

Additional dctcrniinations of tlic picssurcs were then made m various tributaries of 
the portal vein before the abdomen was closed Ihc low'cst reading taken was found to be 
cquualcnt to oo mm of saline solution, but the accuiac}’’ of these results was considered 
questionable since no apiirccialile fluctuations of the column were associated with the 
respirator} mo\ ements 

The patient tolerated this procedure ver} well During the operative period of 
approximately eight hours she reccncd a total of 5,500 cc of fresh citrated blood and 
1,000 cc of 5 per cent glucose in normal saline solution She was returned to her bed 
with a blood pressure of 100/70 and a regular pulse rate of no 

Postopcializc course A \arict} of complications developed m the postoperative period 
Additional heparin was gnen to maintain a carefully controlled, prolonged coagulation 
tune, but gross hematuria was noted ten hours after operation, m association with a rap- 
idl}' falling blood pressure and a diinimshing red cell count The heparin was discontinued, 
and a total of 2,000 cc of freshlj w ithdrawm blood was given m the following five hours 
The blood pressure was restored to normal lescls by this treatment, and the subsidence of 
the hematuria was shortlj afterwards observed Abdominal distention in this period also 
made continuous gastric suction necessary Dyspnea and cyanosis became evident 24 hours 
after operation A broiichoscopic examination demonstrated an obstructing edema of the 
mucosa of the left lower bronchus wdiich was attributed to the aspiration of gastric content 
during anesthesia An oxygen tent alTordcd some relief from these symptoms Consid- 
erable difficult} was then experienced in the management of the electrolyte balance, but 
with the administration of parenteral solutions a gradual return to normal was eventually 
observed 

A normal temperature w'as attained on the tenth postoperative day, and a soft solid 
diet, rich in protein constituents, was tolerated at this time Fever reappeared a few days 
later, and m spite of massive doses of penicillin and streptomycin a subdiaphragmatic 
abscess de\ eloped on the left An intravenous pyelogram demonstrated normal function 
and appearance of both kidneys The abscess was incised and drained on January 17, 1948. 
w'lth tlie patient again under spinal anesthesia The cultures revealed strains of Staphylo- 
coccus am cus and Bacillus coh which were markedly resistant to the antibiotic agents A 
superficial infection of the primary wound required drainage somewhat later, and a large 
decubitus ulcer finally appeared over the sacral area This ulcer was excised on February 
25, 1948, and the resulting wound was closed with a sliding flap of skm and subcutaneous 
tissue 

An uneventful convalescence then occurred Healing progressed rapidly, the dyspnea 
and ascites disappeared, and the patient soon exhibited a ravenous appetite The red cell 
count was 3,830,000, the hemoglobin level 125 Gm, and the white cell count 18,000 
The prothrombin time was too per cent of the control The plasma protein level was 
d 39 Gm per too cc representing 2 45 Gm per too cc of albumin an 3 94 m per 
of globulin The cephalin cholesterol flocculation was 3 plus With the bromsulfalein 
test there was 4 per cent retention in 30 minutes and no retention in i hour Discharge 
from the hospital was granted on March 20, 1948, approximately 35 ^ months after 

operation , , , , ^ ^ , 

Pathologic e^immnation The operative s pecimens included several .retroperitoneal 

* This instrument ,s 
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lymph nodes, a wedge of tissue from the left lobe of the liver, the spleen, an accessory 
spleen, and a portion of the tail of the pancreas 

The spleen measured 28 by 185 by 12 cm and weighed 2,250 Gm (Fig i) There 
were scattered fibrinous adhesions and focal areas of hyalocapsuhtis on the diaphragmatic 
surface of its capsule It was abnormally firm On section it was rusty brown in color, 
rubbery, and uniformly sprinkled with minute, somewhat reddish areas (Fig 2) 

Fig 1 



Fig 2 

Fig I — ^The appearance of the spleen (weight 2,250 Gm ) imme- 
diately after its removal 
Fig 2 — A cut section of the spleen 

Similar characteristics were shown by the accessory spleen 

The lesions of Boeck’s sarcoid were beautifully demonstrated m the sections of the 
lymph nodes (Figs 3 and 4) Definite groups of epithelioid cells were present without 
evidence of giant cells or of caseation necrosis 

There were also definite and extensive sarcoid lesions in the spleen (Fig 5 ) Giant 
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cclis of tlic EuiRhanY Ijpc wcic prc'^cut, and "asteroid” inclusion bodies were occasion- 
ally noted A fibrinoid necrosis was displayed in the ccntr.il areas of many of the lesions, 
and in these instances a ciicinnfcrential rone of partially necrotic, partially hyalinized 
and regenerating fibrous connettuc tissue was obsciicd llieic w'as no nuolvement of 
the intinia of the \euis 


Fig 3 


riG 4 



Fig 5 


Fig 6 


Fig 3 — Sarcoid lesions in a retroperitoneal lymph node The typical clusters of 
broad epithelioid cells show no evidence of giant cells or of caseation necrosis (x 6o) 

Fig 4 — Detailed view of a sarcoid lesion m a retroperitoneal lymph node 

(x 175) 

Fig 5 — Sarcoid lesions in the spleen The parenchyma is shown to be extensively 
involved (x 6o) 

Fig 6 — Sarcoid lesions in the liver There is a coalescence of the lesions about 
the portal triad shown in the center of the field (x 6o) 


The lesions in the tissue from the liver were found primarily about the tributaries 
of the portal vein in many of the portal triads (Fig 6) There was occasional involve- 
ment also of the central lobular veins A striking infiltration of the walls of several of 
the larger, apparently sublobular veins was evident in other sections (Fig 7) No focal 
hemorrhages had occurred, although the lesions had encroached upon the mtimal surfaces 
A comparable infiltration has already been described by James and Wilson in the walls 
of the smaller splenic veins, but its occurrence m the walls of the hepatic veins is not 
known to have been previously reported These findings serve to explain the mechanism 
of the portal hypertension in this case of sarcoidosis 

Special stains of all these tissues revealed no acidfast bacilli 

955 



MINO, MURPHY AND LIVINGSTONE 


Annals ot Surgerj 
November 19 4 9 


SubseqticiU cotasc The patient has exhibited a very gratifying clinical response since 
her discharge from the hospital She resumed her lighter household duties a few months 
postoperatively As her ravenous appetite continued, her weight soon increased to 144 
pounds, but the persistence of the weakness of her legs led her to accept a somewhat 
restricted diet One year after operation the red cell count was 3,500,000, the hemoglobin 
level 145 Gm , and the white cell count 14,400 The plasma protein concentration was 7 10 
Gm per 100 cc representing 3 00 Gm per roo cc albumin and 4 10 Gm per 100 cc globulin 




Fig 7 — Sarcoid infiltration of the wall of a 
large hepatic vein (x 60) 


The cephalin cholesterol flocculation was 
4 plus With the bromsulfalem test there 
was 8 per cent retention in 30 minutes and 
8 per cent retention m 1 hour A chest 
plate showed slight clearing of the peri- 
bronchial lesions 

At the most recent visit, 18 months 
postoperatively, the patient weighed 130 
pounds The circumference of her abdo- 
men was 24 inches There was no evi- 
dence of ascites, dyspnea, or edema The 
liver edge was palpable approximately 6 
cm above the umbilicus The weakness 
of her legs had not been changed The 
patient was noticeably alert, active, and 
cheerful 


COMtNIENT 

The extensive infiltration of the spleen and liver is of -special interest in 
this case Nickerson, Harrell, Longcope, and Reisner have observed that in- 
volvement of these organs fiequently occurs in sarcoidosis, and Nickerson 
and Longcope have reported that splenectomy has been performed in certain 
instances of this disease in the erroneous belief that the preoperative signs and 
symptoms were evidence of Banti’s syndrome The serious obstruction of the 
venous blood flow in the liver in the case recorded here is believed to be 
an unusual manifestation of these lesions Their periportal distribution was 
undoubtedly a most important factor in the production of the ascites The 
spleen is also thought to be the largest yet described m sarcoidosis 

It is evident that ascites has rarely been encountered as a complication of 
this disease Reisner has described a peiitoneal effusion in one case in his 
series, but he has attributed this finding to sarcoid infiltration of the serous 
membranes 

The indication for operative intervention in the case reported here was 
the presence of the progressive, incapacitating ascites It is realized that sar- 
coidosis is a generalized disease in which the clinical manifestations vary 
m accord with the extent and distribution of the lesions, and it is also recog- 
nized that the occurrence of spontaneous remissions or exacerbations makes 
the prognosis difficult m the individual case The patient in tins instance 
was observed, however, foi a period of four years, and, except for its progres- 
sion in the spleen and liver and possibly m the spinal cord, the disease m 
her case was believed to have become quiescent She was obviously being 
reduced to a state of invalidism, and operative treatment was thought to offer 
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her the onh of iclicf The \cnoiis '^hnnling operations aie not ad- 

Msed in sarcoidosis unless the pinnan disease has become stationaiy and 
incapacitating ascites or bleeding fiom esophageal vaiices has occurred The 
prognosis should be guarded in spile of opeiation 

SUMMAR'i 

A case of ])ortal h\ pel tension which was caused by sarcoidosis of the 
Inci is rcpoitcd, and a histopathologic explanation of the mechanism of 
this s}ndiomc in saicoidosis is picsented 

Treatment In spleneclonn and splenoienal venous anastomosis is advised 
in this condition when the primaiy disease has cnteied a quiescent phase 
and when CMdcncc of bleeding or of incapacitating ascites has occurred A 
satisfactor} icsult has been obtained in the case repoited here i8 months 
postoperatn el}’’ 
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OBSTRUCTION OF THE INFERIOR VENA CAVA 
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REPORT OF A CASE WITH RECOVERY OF RENAL FUNCTION 
FOLLOWING THE USE OF THE ARTIFICIAL KIDNEY 

Charles B Ripstein, M D , and G. Gavin Miller, M D 

Moktueal, Cajtada 

TROM THE DEPARTMENT OF SURGERY, ROYAE VICTORIA HOSPITAL AND MCGILL UNIVERSITY, MONTREAL 

It has been stated that occlusion of the inferior vena cava above the 
level of the renal veins is almost univei sally fatal Most of the reported human 
cases have been instances of sudden obstruction in a previously patent vessel 
Keen® has pointed out that where the occlusion is gradual, adequate collateral 
channels can form, and although some degiee of renal damage may occur, the 
kidney function is good enough to maintain life Many workers have shown 
that ligation of the infenoi vena cava above the renal veins carries a very 
high mortality in experimental animals ® Death occurs due to kidney 
failure with uremia The renal lesion is a form of lower nephron nephrosis, 
the damage being chiefly in the tubules, while the glomeruli remain relatively 
intact ® This fact is important because the tubules have great powers of re- 
generation and if life can be maintained long enough for a collateral circula- 
tion to develop there is an excellent possibility that renal function will be 
lestored to normal Until recently, a patient with complete renal shutdown 
could survive only a limited time before death occurred due to uremia Kolff"* 
has recently developed a method of clearing the blood of toxic waste products 
This machine, the "artificial kidney,” utilizes the principle of dialysis acioss 
a semi-peimeable membrane, and has pioved its value m cases of uremia due 
to revel sible lesions of the kidney® With such an apparatus the period of 
suivival can be indefinitely prolonged Theie are no reports m the literature 
of Its use m vena caval obsti uctions, but on theoietical grounds it should be 
of great value 

The collateial circulation m obstruction of the infeiior vena cava is chiefly 
through the vertebral plexus, the lumbar veins and the suprarenal, testicular 
or ovarian veins Other channels may develop in the anterior abdominal wall 
and by communications with the poital venous system There is a greater 
collateral on the left side than on the right, because the embr3mnic channels 
may be present as small vessels which can enlarge if the need arises On the 
right side, all the embryonic vessels have been incorporated into the vena cava 
and no vestigial channels aie present In addition, the testicular or ovarian 
vein enters the lenal on the left side and offers another anastomotic pathway 
which IS absent on the right Thus, theoietically, the left kidney would have 
a better chance of developing an adequate venous return (Fig i) 


* Submitted for publication November, 1948 
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Fif. I — Diagram showing a greater collateral 
circulation may be present on the left side than on the 
right, because of tiie presence of potential embryonic 
channels 



Fig 2 — Right subcostal incision extending from the loin to the linea alba 
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CASE REPORT 

F R, female age 55, was admitted to the Royal Victoria Hospital, Sept 19, 1948, 
for investigation of pain in the right upper quadrant and right loin of one year’s duration 
Examination revealed a palpable subcostal mass and roentgen ray visualization of the 
gallbladder showed cholelithiasis Laparotomy, October 28, did not confirm this diagnosis 
A large retro-pentoneal tumor was found displacing the liver and gallbladder anteriorly 
A biopsy was taken and the incision closed 



Fig 3 — Diagram of vena cava, stretched over the 
surface of the growth m ribbonlike fashion, compress- 
ing the vessel to a great extent 



Fig 4 Fig 5 

Fig 4 — Gross specimen, benign fibrom5mnia 
Fig 5 — Microscopic section of gross specimen 


The pathologic report established a diagnosis of benign fibromyonia, and it was 
decided to attempt removal of the tumor 

On Oct 13, 1948, operation was performed through a right subcostal incision extending 
from the loin to the linea alba (Fig 2) The tumor was freed from the surrounding struc- 
tures and was found to be adherent to the inferior vena cava and the right kidney The 
vena cava was stretched over the surface of the growth in ribbonlike fashion, compressing 
the vessel to a great extent (Fig 3) The right kidney was removed, and in freeing the 
growth from the vena cava a segment of the vessel wall was excised The opening was 
sutured with fine silk, but the lumen of the vessel was narrowed to such an extent that no 
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Mood pissed tlic coiistiiclioii, .uid the icni ca\n was collapsed abo\e it Ihe area of 
constriction was jiist above the level of the renal veins The patient’s condition was too 
precarious to warrant anv further piocedure, and it was decided to take a chance on tlie 
collateral circulation The wound was closed with interrupted silk, and a drain inserted 
into the right loin (Tigs 4 and 5) 

Poslopcrativclj she recovered well from the effects of the surgical procedure but was 
amine for seven davs Her NPX gradually rose to 172 mg per too cc and her creatinine 



to 17 2 mg per 100 cc On Oct 20, 1948, she was connected to the artificial kidney and a 
six-hour dialysis was carried out During the treatment the NPN dropped to 83 5 mg per 
100 cc and the creatinine to 8 8 mg per cc The following day the NPN rose to 119 
mg per 100 cc but the patient was subjectively improved and her urinary output increased 
to 180 cc In the following days her urinary output gradually returned to normal The 
NPN remained elevated until November 10 when it reached a normal level (Fig 6) 
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Postoperatii e renal function tests show adequate function in the solitary kidney The 
patient has moderate dependent edema of the left leg but is otherwise well 

COMMENT 

This case presents several unique features The large retro-peritoneal 
tumor had undoubtedly caused gradual compression of the inferior vena 
cava The collateral circulation must have developed to some extent, but it 
was not sufficient to enable the kidney to function in the immediate postopera- 
tive period The aitificial kidney was of gieat value m improving the patient’s 
condition at a critical time The rise in NPN following dialysis has been ob- 
served m many of our previous cases It lepresents a flooding of the blood- 
stream with waste products which have accumulated in the tissues As a 
lule it IS not accompanied by clinical S3mptoms of uiemia 

During the period of anuria the blood chemistry and urine findings were 
typically those of a lower nephron nephrosis The patient has apparently 
made a complete recoveiy and regained adequate kidney function 

Since the vena cava was sutured and not divided the possibility exists that 
some blood flow was lesumed through the normal channel 

The impoitant point is that venous occlusion existed for a period and 
uiemia resulted The recovery was due to the development of an adequate 
venous return either through collateral channels or the vena cava Since a 
partial obstruction had existed for some time, it is likely that the collateral 
pathways weie well developed 


SmiMARY 

1 A case is presented m which the inferior vena cava was obstructed 
above the level of the renal veins 

2 After an initial period of anuria this patient legained renal function 
and recovered 

3 The artificial kidney was of value in combatting uiemia while waiting 
for the collateral circulation to develop 

4 The lenal lesion in vena caval obstruction is a form of lower nephron 
nephiosis and appaiently recovery can occur undei favorable circumstances 

BIBLIOGRAPHY 

1 Bender,! A,andJ H Hayman, Jr Proc Soc E\per Biol & Med, 32 1018, 1935 
~ Chin, R Tr Jap Path Soc , 28 277, 1938 
3 Keen,! A Brit J Surg , 29 105,1941 

^ Kolff, W J New Ways of Treating Uremia J & A Churchill Ltd , London, 1947 
® MacLean, J T , C B Ripstein, N K M DeLeeuw and G G Miller Canad M A J , 
58 433, 1948 

® Northway, R O , and R W Buxton Surgery, 18 85, 1945 
Whittenberger, J L , and C Huggins Arch Surg , 41 1334, 1940 
® Zuckwer, J T Am J Path , 2 57, 1936 


962 



E\'ACUATION OV TRAUMATIC EXTRADURAL HEMORRHAGE 
FROM THE POSTERIOR FOSSA'' 

Fr\.kcis G Grvnt, M D , AND George M Austin, AI D f 

Pun AniiviiTA, Pa 


I kOM TUI n! I'ARTMrST OP NrOROSURGrR\, HOSPITAL OF THT UNIVrRSITY OF PEANSTLVANIA 

liEMOUKiiAGi: of extradural ongin into the postenoi fossa is larely encoun- 
tered on a clinical basis A small number of cases of this type of hemoirhage 
ha\e been discovcicd at neciopsy but clinically cuied patients aie few in 
numlici A caieful icvicu of the htciatuie has shown five pievious cases of 
extradural posterior fossa hcmoiihage with cure to be reported The work 
of Wharton” m iQor, on 70 cases of venous sinus wounds of the brain, includes 
eight cases of cxtiadiiral postenoi fossa hemorrhage In five of these cases, 
the source of bleeding was fiom the Torcular Heiophili and in three cases 
the bleeding was from the lateral sinus Onl}'^ one of the cases of Torcular 
hemorrhage Incd and none of the cases of lateial sinus hemoirhage success- 
full} sunned surger} Guidjiati and Webster,^ Kessel,"^ Turnbull,^ and 
Coleman and Thomson,^ have each leported one case of extradural posterior 
fossa hemorrhage successfully evacuated by operation Considering the small 
number of cases reported and wntli the feeling that early recognition may aid 
in the successful outcome of this condition, w^e are adding one more case to 
the fi\e previously mentioned In the patient about to be discusse , tie 
hemorrhage was primaril}' in the posteiior fossa and the principa souice 0 
bleeding was from the Torcular Herophili 


CASE REPORT 

R R, » 26-ycar-old ^vh.tc male was mvolved m an anlomob.le accent at approM- 
matelv ^ a m on Sentember g 194S While driving home, he fell asleep at the vhee 
r. I.AL wircartncd .nt^tl.rpos. of a low rata, nmg ..I, At 4 -t f Pab=« 
walked into the local police station m a dazed condition, 

of the details of the accident With the J^^^^^'^rthe Chestnut Hill Hospital 

patient slioued no other evidence of injury respirations 24 per 

a short time later, the blood pressure ’ nd accommodation At the time of 

minute The pupils were equal and reacted g bilaterally 

examination it was noted that the B^bmski ^ pulse of 70 The patient 

By 8 A M the blood pressure had ns oriented He responded 

complained of seiere occipital headaches an required sedation uith paraldehyde 

with purposeless movements to painful s ,nereased to 190/104 and the pulse risen 

am 45 AM By 2 PM the blood •’■'=7;' “ "X.' b"* the mental p.ctare showed 
to 1 12 per minute There was no a^ded that the patient's signs of increased 

increasing drowsiness and contusion i ^.cranial bleeding, and he was transferred to 
pressure were probably on the basis o in ra University of Pennsyhania at approxi- 
the Neurosurgical Service of the ® ^ Hospital he showed pronounced stupor 

mately 4 30 pm On admission to t^e „,„.Mnmr.al examination Howeter, the left 

and It was difficult to obtain a satis ac ry — — _ — — 

* Submitted for publication March, i949 
t Francis Clark Fellow m Neurosurgery 
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Fig 1 — Left posterior crani- 
otomy wound at time of discharge 
from hospital 


4 ounces of clotted and liquid blood 
the lateral sinus were controlled by 


pupil appeared slightly larger than the right, there 
was a left VI nerve weakness and the patient showed 
slight evidence of a right hemiparesis It was decided 
that the patient might well have an acute subdural 
or possibly extradural hemorrhage, and he was im- 
mediately taken to the operating room 

A left temporal burr hole was placed (G M A ), 
and showed a thin layer of blood approximately i mm 
thick over the cortex amounting to 3 or 4 cc of fluid 
An occipital burr hole was next placed on the left 
side and revealed a thick extradural clot pushing the 
dura away for a depth of about ^ cm In order to 
locate the bleeding point and evacuate the clot, a flap 
was turned down over the left lateral sinus, using the 
originally placed burr holes as limits for the anterior 
and posterior limbs of the flap On turning back 
the flap, it became apparent that we were dealing 
with a large posterior fossa hemorrhage It was 
primarily on the left but also present to a limited 
extent on the right side and had extended up over 
the tip of the left occipital lobe Approximately 3 to 
were removed by suction and several oozing points in 
the Bovie current The mam source of bleeding was a 



Fig 2 — Postoperative skull film showing fracture 
in left occipital bone 


small tear in the Torcular Herophili This bleeding was stopped by the use of gelfoam and 
the wound closed in layers A Penrose drain was left in the posterior fossa coming out 
through a stab wound drainage hole posterior to the flap At the conclusion of the procedure 
the patient had begun to respond although he still was not conscious enough to reply to 
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question? The following morning he appeared fairly alert and was able to eat a full- 
sircd meal Thereafter his coinalcscencc was une\cntful The dram was left in place 
for qS honis and the patient permitted to be ambulatory on the third postoperative day 
At the time of dicchaigc from the hospital n davs after admission, he was neurologically 
negatne and able to return to his prcMous job of bai tender (Fig i) 

Postopciatnc skull films on the patient showed a deep linear fracture line extending 
down into the occipital bone on the left side of the foramen magnum (Fig 2) 


DISCUSSION 


The successful case of postenor fossa heinonhage of extradural origin, 
reported b\ Gurdjian and Webstci'’ was due to a traumatic teai m the lateral 
sinus This patient stiaightencd up after leaning forward and accidentally hit 
the back of Ins head against the sharp edge of an iron pipe, with resultant per- 
foration of the skull The patient became stnpoions ovei a period of 36 hours 
and, at operation, an epiduial hematoma of about two ounces was removed 
from the postenor fossa 

111 ^^'llarlon's^ series of cases, there were three instances of hemorrhage 
originating from the lateial sinus and bleeding into the posterior fossa, all of 
which proved fatal There was one case of operation wuth recovery, among 
the fi\e cases of Torculai hemorihage This case w^as that of a 24-year-old 
3 outli, struck on the back of the head b}'^ a dump car on August 31, 1886 The 
patient was brought to the Hospital of the University of Pennsylvania and 
found to ha\e sustained a compound fracture of the occipital bone The skull 
was trephined and the depressed fracture elevated by Professor Ashhurst 
When the largest fragment was removed, “just over the junction of the lateral 
and superior longitudinal sinuses, there w^as a gush of venous blood which w^as 
quickly controlled by packing the wound wnth antiseptic gauze ” The patient 
recovered, and five months later w''as readmitted to the University Hospita 
with typhoid fever winch proved fatal Necropsy showed a well organized 


thrombus over the Torcular 

These two cases, reported by Gurdjian and Webster^ and Wharton, have 
two points in common They were both cases of acute hemorrhage and they 
were both due to a torn sinus following depressed skull fracture 

The case of Coleman and Thomson' was that of a nine-year-old child who 
fell and suffered mild trauma to the back of the head without unconsciousness 
Roentgenograms of the skull showed a midline linear fracture extending into 
the rim of the foramen magnum Approximately 6o hours after the trauma 
the child was hypotonic and areflexic At operation a bilateral extradural 

cerebellar dot was removed, followed by complete recovery 

TurnbulP described an interesting case of chronic extradural cerebellar 

hematoma The patient suffered a tall on the ice with a resultant blow to he 

left forehead, ten months prior to coming to surgery Roentgenograms of the 

u n nn evidence of fracture How^ever, she showed pronounced 

skull revealed no evioence yji- ^ 

cerebellar signs and a ventriculogram revealed a moderate internal hydro- 
cephalus Aroperation. a hematoma, the sire of a golf bail was found over 
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the right cerebellai hemisphere The patient made an uneventful postoperative 
recovery 

Kessel'^ has described the case of a 24-yeai-old girl who fell from a bicycle 
sti iking the back of her head A roentgenogiam of the skull revealed no 
fiacture but the left half of the lambdoid suture showed separation No cere- 
bellar signs were noted but the patient had three tonic seizures m the 6o-hour 
period following admission and preceding surgery At operation a large 
extradural clot was removed from over the left cerebellar hemisphere This 
was followed by gradual but complete recovery 

These cases all reveal slightly varying etiology, but the type of roentgen- 
ray pictuie may be divided into three groups The cases of TurnbulP and 
Kessel'^ showed no fracture at all, but Kessel’s showed a slight separation of 
the left half of the lambdoid suture Wharton’s*^ case, and that of Gurdjian and 
Webster,^ both revealed compound depressed fractures In our own case, and 
that of Coleman and Thomson,’^ simple linear fractures were found to run 
down toward the foramen magnum 

Likewise, the neurological picture varied considerably, and only two 
patients showed signs of cei ebellar involvement when examined preoperatively 
There are a numbei of fatal cases reported, m which the traumatic instrument 
itself, such as a bullet, icepick, etc , actually produced the tear in the dural 
sinus following perforation of the bone However, none of those occurring 
into the posterioi fossa has recovered 

Most recently, Gordy^ has again stressed the importance of attaching 
localizing significance to overlying superficial scalp abrasions following mild 
head trauma Certainly the case we have just reported presented a mild scalp 
abrasion over the occiput which was not considered significant at time of 
examination This is of increasing importance when it is realized that there 
may or may not be suggestive roentgen-ray evidence for this type of lesion 
and that cei ebellar signs ai e only occasionally present 
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MASCULINIZING TUMOR OF THE OVARY *■ 

David Jvkhsiinkr, M D , Mendel Jacobi, M D., F.A C P , 

AND Leon N. Kessler, M D 

PllOOKLlN, N y 

M vscULiNi/iNG 'lUMORS 01' THE OVARY aie admittedly rare These gen- 
erally fall into two mam gioiips aiihenoblastoma, and a heteiogeneous group 
classified as “vnilirmg lipoid cell tumors” by Barzilai ^ The first case of 
aiiJienobJasloina was icpoited by Pick"<’ m 1905, and it w^as not until 1933 
that a case was leportcd as such m Americans However, in 1921 Moots^^ 
described a 27-}cai-oId patient with “lateial partial glandulai hermaphrodit- 
ism ” This woman was masculinized and had a tumor of the left ovary 
When the “fibioblastic saicoma of embryonic testis” of the left ovary was 
lemoved, she became lefemnnzcd The microscopy as desciibed, and the 
clinical pictine designate this as an airhenoblastoma Baldwin and Gafford 
in 1936 iCMCW'ed the hteiatuie and could find only 33 cases Ihe most recent 
review, that of Iverson® brings the total to 94 cases The total number of 
"vnilizing hpoid cell tuniois” lecoided in the wmrld literature is 21, these, 
too, are summarized b} Ivei son ® 

While the pathologic diagnosis of airhenoblastoma based on histologic 
stud) has occasioned little difficulty in the past (Iverson ), the case ® 
repoited indicates that this need not be and is indeed not always so ihe 
chief function of this paper, apait fiom adding a new case to the liteiature, 
is to emphasize the difficulty m making a diagnosis, especia y wiei 
diagnosis is based sole!}'’ on histologic examination of the tumoi 


CASE REPORT 

Mrs M S , a 34-ycar-oIcI wlutc Polish woman, was firbt seen at 
No\ ember 23, 1943 She coinpiaincd of abdominal pain, and t is was 1 
The pain, centered in the left lower abdominal quadrant, had come on su , 
several hours duration There had been no nausea or vomiting, nor had J ^ 

bowel disturbances, urination had not been excessively frequent 

normal and regular, but had ceased suddenly two years previous y rTiiMren 18 and 

bad had normal cohabilalion, but had not conceived She had two no ,, of 

14 years of age, both l.vtog, and had had one spontaneom nuscarrtage pr.or 

her first child 1 -pug natient was a 

On examination, temperature, pulse and respiration were abdomen was 

robust woman physically, her head and neck and chest about the 

moderately tender and m the left lower quadrant there ^ attached to the 

size of a large orange Bimanual examination revealed a tender to touch, nor 

left adnexae, the right adnexae appeared normal, the cervix ^ twisted pedicle was 
was the uterus enlarged A diagnosis of ovarian cyst wit pro 

made Hospitalization was advised, but was refused — 


'*■ Submitted for publication March, 1949 

967 



KERSHNER, JACOBI AND KESSLER 


Annals of Surgery 
November 1 D 4 9 


The following morning the pain was more severe and the patient was admitted to the 
Beth-El Hospital She now appeared to be acutely ill The abdominal pain was more 
generalized, there was more resistance to palpation, and the cyst could not be felt as 
distinctly Temperature was 100°, pulse 94, respiration 20, and blood pressure 125/80 
Her red and white cell counts were 4,200,000 and 12,000 respectively, with 68 per cent 
polymorphonuclear leucocytes and 22 per cent lymphocytes , hemoglobin was 85 per cent 
Her urine had a specific gravity of i 020, was yellow in color, showed no casts, a few 
epithelial cells and a few white cells, and was negative for both albumin and sugar 

She was operated upon under spinal anesthesia with the preoperative diagnosis of a 
left ovarian cyst with twisted pedicle When the peritoneal cavity was opened, a bloody 
fluid in which floated clumps of granular reddish-gray neoplastic tissue was observed The 
left ovary had been replaced by a cystic mass approximately 10 cm in diameter which had 
perforated There was no walling off and no matting The pelvic region was filled with 
this bloody fluid The uterus appeared smaller than usual, almost infantile, and the right 
ovary was shrunken and firm Both tubes and ovaries were removed and the fluid aspirated 
from the peritoneal cavity The abdomen was closed in layers The patient had a normal 
uneventful postoperative course The wound healed well and she was discharged on the 
tenth postoperative day Several days after the operation, the microscopic slides were 
examined and the diagnosis of arrhenoblastoma was made (M J ) 

On the basis of this new information the patient and her husband were carefully 
questioned and the patient was re-examined The following additional data was obtained 
As indicated above, the patient had stopped menstruating two years previously , she had not 
conceived for many years despite the fact that no contraceptives had been used Sex life 
had been otherwise normal and there had been no change in libido The patient had always 
been strong and robust and no change had been noted in that regard However, her voice 
had changed , it had become deeper and husky , she had also become more hairy Exam- 
ination revealed no marked hirsutism , there were sparse hairs on her upper hp , the pubic 
hair, however, was definitely of the male type, straight and coarse and extending to the 
umbilicus , the legs and arms felt firm , the hips were narrow and lacked female contour , 
her breasts were small, flat, and devoid of fat, the labia majora appeared small, the 
clitoris, on the other hand, was enlarged and firm A clear cut defeminization had appar- 
ently occurred 

Because of the widespread intraperitoneal dissemination of neoplastic tissue when the 
mass ruptured, we suggested postoperative radiation therapy The patient refused such 
therapy or any other medication 

More than five years have now elapsed since the operation She feels well and has no 
complaints Together with her son, she operates a 104-acre farm She had gamed about 40 
pounds in weight but during the past two years since working on the farm she lost about 
25 pounds Her libido is unchanged and sex life has continued normally Physically there 
appears to be a distinct refeminization Her voice is softer Her breasts became rounded, 
firm and prominent, but in the past year have become pendulous The pubic hair is now 
curly and there is less hair above the pubis There is no hair on the face The clitoris is 
much smaller and softer 


PATHOLOGIC REPORT (m J ) 

The specimen was composed of a mass approximately 7 cm in diameter which was 
almost completely filled with a very friable grayish tissue and considerable recent blood 
clot There were several irregular rents The outer surface was smooth, glistening and 
felt firm Attached to it was a fallopian tube 5 cm long, patent and grossly unaltered 
The smaller ovary appeared atrophic when compared with the tube, although there were 
no apparent gross fibrous changes , the surface was smooth On section corpora albicantia 
were distinct and no cysts were observable 
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MlCHOSCOriC DESCRIPTION 

Sections of the smaller o\ar\ showed no histologic changes These contained numerous 
corpora alhicantia, but no corpora lutca, cvsls oi hemorrhagic areas , nor were any frag- 
ments of hitcum-hkc cells present Both tubes wcic histologically unaltered 

Sections of the mass and of the loose tissue accompanying the specimen showed a 
rather narrowed but highK ccllulai structure which appealed to be of three mam types In 
all of these, howc\er, the basic cell was round or cuboida! or low' columnar and small All 
had rather large, central or shghtK ccccntnc, lounded \csiculai nuclei These cells were 
arranged in short oi long solid cotds surrounded by lathci cellular (spindle cell) or mod- 



Fig I 2 

Fig I — Low' power photomicrograph of tumor show'ing tubular structures 
resembling testicular tumors 

Fig 2 — Low' power photomicrograph show'ing anaplastic and spindle arrange 
nient of cells, and an area resembling the so-called Call-Exner body 


erately adult fibrous tissue, in numerous places distinct tubular patterns with well devel 
oped tubules lined by cuboidal or columnar cells with basally-polarized nuclei intersperse 
these cords This tissue was rather sharply demarcated from the very small amount of 
fibrous ovarian tissue (stroma) surrounding it, here and there, however, the neoplastic 
cells extended almost to the capsular surface There was considerable necrosis in the deeper 
portions of the tumor, with recent hemorrhage , scattered between the tumor an le 
surrounding ovarian stroma were present clumps of old blood pigment and some p agocy es 
In a few places one found small cystic folhclelike structures containing homogeneous acidic 
substance and somewhat reminiscent of the so-called Call-E'^^^J' bodies seen in t e 
granulosa portion of the graafian follicle No other follicular elements were present nor 
were the surrounding tumor cells as definitely arranged in such areas as is note in ms anc 
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of granulosa cell tumor These areas were interpreted as being accidental features due to 
tumor degeneration Scattered sparsely through the sections were isolated large vacuolated 
cells, suggestively lipoid-contaming , these cells very occasionally occurred in small clusters 
Numerous sections from various poitions of the tumor failed to disclose any cytologic or 
histologic elements other than those noted above There was no suggestion of any terato- 
matous elements The structures described above are shown in the accompanying photo- 
micrographs (Figs 1-6) On the basis of the gross and microscopic findings the mass was 
diagnosed as an arrhenoblastoma 


DISCUSSION 

Although the slides described above were seen by several pathologists in 
this city, no questions as to classification as an arrhenoblastoma were raised 



Fig 3 Fig 4 

Fig 3 — Low power photomicrograph showing intermediate stages between Fig i 
and Fig 2 Section contains a large amount of stroma 

Fig 4 — High power photomicrograph of tumor through the tubular area 


Then Dr Nathan Mitchell, our (M J ) successor as pathologist at the Beth-El 
Hospital, in a routine examination of the hospital files, suggested that the 
tumor was of the granulosa cell variety The slides had previously been care- 
fully studied by Doctors Paul Klemperei^ and Sadao OtanP® of Mt Sinai 
Hospital, New York, and by Dr Herman Bolkei,*' pathologist to the Brook- 
lyn Cancer Hospital All thiee had concurred in the diagnosis of arrheno- 
blastoma Dr Klemperer and Dr Otani suggested, on the basis of a case of 
their own, that the tumor be studied furthei for evidences of teratomatous 
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giowth As indicated above, no such elements were found upon very ex- 
haustu c examination 

In \ lew of tlie opinion of Di Mitchell, to which he adheied on morphologic 
gionnds e\en aftei being made awaie of the clinical picture, slides were sub- 
mitted to a pioiinnent tumoi pathologist who thought that the tumor was 
granulosa in t\pc This pathologist has recently again studied the slides with 
full knowledge of the subsequent opinions He still adheres to his original 
diagnosis of gianulosa cell tumoi, and requests that his name not be published 



Fig s 1 f 1 

F.C S-H.gh power PWornwrograph onhe 

spmdle cell areas Note the absence of P co-called Call-Exner body and the 
homogeneous material m the area suggesting the so caiieo 

degenerative features of cells in / r tumor showing the generally dis- 


, Dr Andrew Marchetti, then of Cornell 

He suggested that the opinion o Marchettd^ unequivocally classi- 

University Medical College, be sought Dr Marcuetti 

fied the tumor as an Meyer'" who said "This is a clear 

The slides were then sent to Dr reasons for jtliis opinion 

granulosa cell tumor, so called labynn m y originated the term 

Le advanced Dr Meyer .s ,l::^,eanV‘n,aIe’', pos.u- 

“arrhenoblastoma'' from the ree male cells persisting m the medullar}' 

lating that the tumor arises from cor ® ° having failed for some 

portion of the ovary from early gonadogenesis, 3 
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reason to undergo the normal process of atrophy The slides were then 
examined by Dr Emil Novak, who concurred in the diagnosis of granulosa 
cell tumor, stating^® “not only the morphology of the cells, but also their 
arrangement m little clusters, suggesting primitive follicles, as well as the 
presence of Call-Exner bodies, would leave no doubt of the diagnosis The 
cylindromatous tendency is very marked m some areas, so that the cells are 
1 educed to long thin columns which suggest arrhenoblastoma, but pictures 
of this type are not unusual with granulosa cell tumor I do not see any 
evidence of arrhenoblastoma in this section, m spite of the fact that the history 
indicates a definite masculmization ” With this latter statement, Dr Novak 
was probably ref ei ring to page 417 of his monograph on Obstetric and 
Gynecologic Pathology^’*’ where he says, “The fact remains, however, that 
the clinical history is of the greatest value to the pathologist in the micro- 
scopical examination of these tumors ’’ 

Two years later. Dr Novak asked for further data in this case, which 
had been restudied and was now classified as an arrhenoblastoma In reply 
to a query from Dr Mitchell, Dr Novak said, “I can only say that further 
study of these slides by all the members of the Ovarian Tumor Committee 
(of the Registry of Ovarian Tumors of the American Gynecological Society) 
led to the diagnosis of arrhenoblastoma, which of course matches up very well 
with the clinical histor} of the case It may seem strange that there should 
be any difficulty in distinguishing between gianulosa cell tumor and arrheno- 
blastoma, but the fact is that there are certain cases in which the histologic 
picture is almost identical in many areas As a matter of fact, one of the 
members of our committee felt that this tumor would better be considered 
a gynandroblastoma m which both types of tissue are present, although the 
effects are practically always masculinizing However, we have definitely 
classified this tumor in our Registry as an arrhenoblastoma 

These diverse opinions on identical material recall the experience of Cole® 
with tumors of the stomach, pointing up the profound limitations of mor- 
phology These should make the clinician wary of regarding the pathologic- 
morphologic diagnosis as an absolute yardstick, and should raise serious ques- 
tions as to the malignancy of tumors classified by such criteria, particularly 
in a group which is still so small Thus, though our case showed evidence 
of peritoneal implants at the operating table, and the histology suggested 
malignant characteristics, more than five years have now elapsed without the 
slightest suggestion of cancer, this despite the absence of any additional therapy 
designed to hold a malignant tumor m check Others have had similar experi- 
ences with so-called malignant ovarian tumors The implication of those 
concurring in the diagnosis of granulosa cell tumor is that this type of tumor 
may be associated with masculinizing changes As pointed out by Seyle^^ 
such a combination is exceptional When this combination does exist, a very 
small arrhenoblastomatous area occurring in a tumor otherwise predominantly 
granulosa cell in character may give rise to virilization This could only be 
detected by serial sectioning and examination of the entire tumor, a pro- 
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cedtiie not generally earned out in cases so reported In addition, m such a 
case the mascuhm/ing featmes do not ordinarily subside after ablation of the 
tumoi as they chaiacteiistically do in instances of arrhenoblastoma 21 When- 
e^cr Mrilizing changes occin with granulosa cell tumor, the "granulosa cells" 
either become thoioughly luteinized, in many instances to the point of re- 
sembling coipora lutea (Novak, page 402) or show large masses of hpoid 
cells m the inteistitial stioma It has been postulated by Novak and by 
Ixeison, that masculimzation is a function of these lipotropic cells While 
vacuolated hpoid containing cells were found in the stroma m out case, the 
so-called granulosa cells did not show lipotropic changes In addition, al- 
though the masculinizing featuies in our patient were lather prominent and 
receded after the removal of the tumoi, the stromal lipotropic cells weie 
relatneh feu in numbei, inconspicuous discrete and never in masses of 
lutein 01 adienal-like chaiactei The so-called Call-Exner bodies in our 
material ue interpret as evidence of degeneiation of the tumor tissue, no 
unequuocal follicles ueie found As pointed out b}^ Ewing,' “In a substantial 
propoition of ovarian tumoi s as they actually occui, the diagnosis is largely 
a matter of arbitiar} decision on the pait of the observer” If this is so, in 
the nresent state of oui knowledge we prefer, foi reasons of simplicity and 
claritv. to adopt the nomenclature of Bui lows ^ who designates as arrhenoina 
all testoid producing, and as “theeloma” all folhculoid producing tumors, ir- 
respective of their stiucture, esneciall)'^ in view of the statement of Sevle that 
“it is impossible with the histologic methods now'’ available, to determine the 


origin of these tumors with ceitainty” 

Iverson’s study, pointing out that masculinizing tumors may arise from 
totipotential ovarian elements, as w'ell as the diversity of classification of these 
tumors by competent pathologists based on what may be minor and perhaps 
inconsequential differences in morphologvq indicates that further knowdedge 
in this field wnll come about only wdien the clinician preoperativelv becomes 
more conscious of these tumors More detailed studies of the patient s hor- 
monal physiolog>p and of the hormonal content of the tumor proper, as has 
been done m instances of testicular tumor by Beilly, Kurland, and Jacoii. 
should be undertaken Kanter and Klawans« studied the elertrolyte and 
nitrogenous bodies in the urine and in the blood, and also ''y™™ 

determinations in the urine and on parts of the tumor in a case 
blastoma. but thus far there have been few cl.n.ca ydies of bon. ion,. I 
physiology in connection with masculinizing tumors o t e } 


SUMMARY 


t A case of masculinizing tumor of tbe ovary 
into the peritoneal cavity with “"yy“‘/5,a™ema.ned free of untmiard 

tenal, the patient, after additional medication Refem- 

symptoms for more than five }ears, 

imzation has also occurred 
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2 The difficulties of pathologic classification on morphologic ground alone 
are discussed with reference to this specific case A plea is made for a greater 
awareness of these tumors preoperatively, which, in turn, may lead to more 
numerous and detailed study of the hormonal physiology of the patient It is 
also suggested that the tumor itself be assayed hormonally in order to arrive 
at a better correlation of clinical findings, hormonal physiology and path- 
ologic anatomy 
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APPENDICEAL CALCULI, THEIR PATHOLOGIC 
AND CLINICAL SIGNIFICANCE' 

Robert I Lowenberg, M D. 

New Haton, Conx 

Although fecal concietions are commonly found within the appendix 
calcuh aie quite unusual Bunch and Adcocki found only one in 2,000 
appendices The larity of this disease and its clinical significance justify 
icportmg an additional case Moreover, the diagnosis in this case was made 
preopei ati\ el y 


CASE HISTORY 


R W S, a 2r-^ car-old white male, entered the hospital on January 12, 1948, with 
the chief complaint of pain in the right lowei quadrant of the abdomen of two weeks’ 
duration Following discharge from the Army m April, 1947, he lost 23 pounds Two 
w ceks prior to admission the patient had intermittent attacks of right lower quadrant pain 
lasting a few' hours at a tune The pam was dull, non-radiating, and unrelated to meals, 
defecation, or urination Past and family historj' were non-contributory 

Physical examination revealed a thin sluggish patient His temperature was 98 
degrees F , pulse 80, and his respiratory rate 20 The abdomen was scaphoid, soft, and 
slightly tender to deep palpation over McBurnev’s point, but rebound tenderness was 
not elicited Rectal examination w'as negative 

Laboratorj studies revealed a white-cell count of 4,100, wuth 43 per cent neutrophils, 
53 per cent lymphocytes, 2 per cent monocytes, and 2 per cent eosinophils The red-cell 
count W'as 4,100,000 Avith 140 Gm of hemoglobin The urinary sediment contained 
occasional erythrocytes and granular casts The urine culture w'as negative Typhoid and 
paratyphoid agglutinations were negative 

Roentgen ray examination of the chest was within normal limits Barium enema 
films show'cd partial filling of the appendix and calculi in the right lower quadrant 
Retrograde pyelography revealed a normal urinary tract The roentgenologic diagnosis 
W'as "chronic (stasis) appendix " 

On January 19, 1948, an axillary lymph node was removed under local anesthesia 
The pathologic report was lymphoid hyperplasia At laparotomy five days later, the 
appendix was found lying over the pelvic ‘brim, non-adherent to the adjacent structures 
Palpation revealed that it contained several stones, including a large one near its base 
Appendectomy was performed after a thorough exploration failed to reveal anv other 
abnormalities The postoperative course was uneventful He was free of abdominal pain 
and had gamed six pounds when seen eight months later 

The pathologic report indicated that the appendix was 8 cm long and varied from 
I 5 to 3 7 cm m width, with a dilatation a short distance from its base Within the 
appendix were seven calculi, the largest one being 2 5 by 2 0 by 1 6 cm This 
roughly cuboidal m shape with several nodular projections on its surface The other 
stones varied in size and shape The mucosal surface of the ajipend.x was slighth 
edematous and grey with pinkish discoloration The wall was thickened and there was 


Lecturer in Anatomy, Yale University School of Medicine former Chief Resident, 
Veterans Administration Hospital, Newington, Conn Published with permission of ^ 
Chief Medical Director, Department of Medicine and 

who assumes no responsibility for the opinions expressed or the conclusions drawn 
the author Submitted for publication April, 1949 
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congestion of the serosal vessels Microscopically the mucosal glands were intact The 
submucosa was replaced by dense fibers of collagenous connective tissue which had 
encircled the lymphoid follicles and obliterated the inner layer of the musculans The 
pathologic diagnoses were appendiceal calculi and chronic healed appendicitis 

Comment The giant calculus in this case measured 8 o cc , the fourth 
largest reported in the literature A complete tabulation of the reported cases 
IS shown in Table I 


Table I — Appcndtceal Calculi Repoited m the Liieiaiure Indicating the Sise of the 
Individual Stones and the Eventual Outcome of the Pathologic Ptocess in Each Instance 




Dimensions 

Volume 

Number 

of 

Calculi 

Perfora 

tion 

Size 

of 

Appendix 

Tripodi and Kruger'i 


2 5 cm diameter 

8 2 cm 

1 

No 

5 X 2 5 cm 

Thomasi 


3 X 1 S cm 


1 

Yes 


Pilcher** 


2 75 cm diameter 

10 8 

1 

No 

6 5x33 

Bunch and Adcock* 


2 70 cm diameter 

10 2 

S 

No 

3 5x14 

Packard’* 

A 

2 4x1 

8 

2 

Yes 

7 0x15 


B 

15x06 





Shahan** 


1x07 


23 

No 


Jackman’® 

A 

0 8 X 3 14 


1 

Yes 



B 

0 5 X 3 14 


1 

Yes 


Guido** 


1x2x25 

5 0 

1 

No 


Shelley ’ 


Boomerang shaped 







small 


1 

\es 

8 X 3 cm 

Vermooten® 


2x1x15 

3 0 

4 

Yes 

7x35 

Mulleder"® 


4 5x15 





Rigollot Simonnot and Saissi** 


3x18 





Jacobs*® 


2 5x3 



Yes 


Douglas and Le Wald” 

A 

2x15 


1 

Yes 



B 

16x12 


1 

Yes 


Wells’* 


3 25 X 0 25 


3 

Yes 


Downes*® 


Filbert sized 





Levi’* 




1 

No 


Albert’* 




4 

No 


Lowenberg 


2 5 x 2 0 x 1 6 

8 0 

7 

No 

8 X 2 7 cm 


Pathologic Physiology Appendicitis may be due primarily to inflam- 
matory change or to mechanical factors Appendicopathy of the mechanical 
type may be initiated by any of the following foreign bodies “shot, pins, 
glass, eggshell, enamel, bristles, hair, wood, gallstones, pin worms, cherry 
stones, grape seeds, raspberry seeds, caraway seeds, fig seeds, etc bilharzia,^ 
and clam shells ^ Any of these may form the nucleus of a fecalith or a calculus 
When a bolus of feces becomes impacted within the appendix, calcium 
salts from the mucous glands in the crypts of Lieberkuhn may be deposited 
upon the concretion The appendix becomes thickened and the stone 
laminated by repetition of this process® If there is interference with circu- 
lation or lymphatic drainage of the appendiceal wall during any of these 
episodes perforation may occur ® In nine of the 17 cases reviewed perforation 
took place and some of these went on to a fatal termination The presence 
of a calculus associated with acute appendicitis piesages a graver prognosis 
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Since 8o per cent of the reported cases have been complicated by perforation 
or abscess formation'^ On laie occasion the process goes still further and 
the stone extiudes itself through a sinus in the right lower quadrant 

Chemical Analysts Appendiceal calculi were analyzed by Maver and 
Wells® who studied 25 stones varying from 5 to 10 mm in diameter They 
state ‘'about one-fifth of the material was organic residue, mostly vegetable 
fiber, indicating that some part of the appendiceal concretions at least, comes 
from the cecum Probably the lest of the concretion is deposited from the 



Fig I —A reconstruction showing the appendix and the calculi as they 
looked at the time of laparotomy (i) Ileo-colic fossa, (2) Ileo-cecal fossa, 
(3) Retro-cecal folds, (4) Mesoappendix, (5) Tenia coli, (6) Terminal 
ileum, (7) Appendix, (8) Cecum 


walls of the appendix since the bowel secretions are known to contain much 
fatty material and calcium ” They found the calculi to contain inorganic ma- 
terial 25 per cent (chiefly calcium phosphate), organic residue 20 per cent 
(chiefly vegetable fiber), and fat soluble substances 50 per cent (coprosterol, 
soaps, and cholesterol) Vermooten® analyzed a laminated stone and found 
It to 'contain bile, cholesterol, and silicaceous material (mainly calcium 
phosphate) ® 

Diffetential Diagnosis The following diseases m addition to appendicitis 
must be considered m the differential diagnosis (i) ureteral ” ” renafl® or 
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vesical stone, (2) cholecystitis and cholelithiasis^® , (3) gall stone ileus, (4) 
phlebohth, (5) calcified mesenteric nodes , (6) 1 etained barium , (7) calcified 
dermoid of the ovary, (8) calcified appendix epiploica, (9) appendiceal 
foreign body 

Diagnostic proceduies which have proved most helpful include spot roent- 
genograms^'* of the right upper and lower quadrants,*® cholecystography, gas- 
tro-intestinal series and barium enema, as well as intravenous and retrograde 
pyelography Pneumoperitoneum has been used as an aid when the diagnosis 



Fig 2 Fig 3 

Fig 2 — A retrograde pyclograni showing the kidneys and ureters filled with 
radiopaque material, and in the right lower quadrant, just below the pelvic brim a 
calculus IS visualized 

Fig 3 — A lateral roentgenogram of the appendix after its removal 

could not be made conclusively *® Extraperitoneal exposure of the ureter 
was performed when the location of a calculus could not be determined ** 

BUMMART 

I A review of the reported cases of appendiceal calculi is presented, 
together with a description of one additional case which was diagnosed pre- 
operatively 
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2 The etiology and composition of appendiceal calculi is biiefly discussed. 

3 The clinical significance of these calculi in terms of peiforation and 
piognosis IS emphasized 
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A COMBINATION PROBE, DILATOR AND IRRIGATOR 
FOR COMMON DUCT SURGERY* 

A L Wilkie, M D 

Montreal, Canada 

FROM THE DEPARTMENT OF SURGERY, ROYAL VICTORIA HOSPITAL 
AND MCGILL UNIVERSITY MONTREAL P Q 

The multitude of instruments available tor exploration of the common 
bile duct indicates that none fills all requirements in a satisfactory manner 



Fig 1 — The Archibald instrument with detachable handle and graded-sized 

probes 

Fig 2 — The instrument assembled 


* Submitted for publication December, 1948 
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COMBINATION PROBE, DILATOR AND IRRIGATOR 


The late Dr Edward Archibald devised an instrument which has been in 
use in the Ro3'-al Victoiia Hospital foi the past 15 years It has proved to be 
so simple and efficient that it is considered woith while to puWish a brief 
description 

The instrument consists essentially of a hollow handle wuth a series of 
detachable hollow^ piobes of graded sizes These are designed to fit the curve 
of the common duct and are perforated so that irrigation may be carried out 
The device can thus be utilized as a probe, irrigator or dilator (Figs i and 2) 
The piobes aie sizes 12F, 17F, 23F and 29F These have proved to be 
the most useful m practice and they provide a good range for dilatation of the 



pjg 2 The probe in use in exploration of the common bile duct 


sphincter of Oddi The neck of the probe is angulated 75 order to clear 
the costal margin when introducing the instrument into the duct The length 
is 7 cm from neck to tip 

In the average case the probe can be introduced wuth the handle attached 
but m obese patients it is easier to insert the appropriate probe and screw on 
the handle m situ (Fig 3) 

A bulb syringe can be attached to the handle and saline irrigated through 
the probe 
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It IS usually possible to pass the smallest size into the duodenum and if 
the sphincter of Oddi is tight or the seat of a stricture it can be gently dilated 
with the successive sizes We have found this instrument to be far superior 
to any othei which has been used in the Royal Victoria Hospital It has stood 
the test of time and appears to be a worth-while addition to the armamen- 
tarium of biliary-tract suigery 
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Editorial . . . 

Diverticulitis of the Colon 

Diverticulosis of the colon is a common condition among individuals 
of both sexes over the age of 50 It is now being recognized that a variable 
degree of diverticulitis occurs m almost all of these cases Fortunately for the 
purposes of surgical treatment, in a very large percentage the diverticula are 
confined to the sigmoid and lower descending colon In the cases of diverticu- 
litis requiring surgical therapy this is equally true, over 85 per cent of the 
lesions being confined to this area Thus, complete excision of the local lesion 
may be carried out if surgical intervention should be required 

Although the disease most often follows a fairly definite course, the future 
of any individual case is quite unpredictable Thus the progress of the inflam- 
mator}'' changes, although usually slow, may be rapid, complications, which 
ordinarily occur late, may appear at an early stage Therefore, once recog- 
nized, each case must be followed carefully by the general physician and 
re-examined at regular intervals 

For many reasons the medical profession at large has adopted a rather 
inert and ultra-conservative attitude towards the surgical therapy of this con- 
dition This attitude often results in the continuance of palliative treatment 
long after definite danger signals have appeared and in many instances the 
condition is allowed to progress to a stage where definitive surgical therapy is 
both difficult and hazardous, if not impossible There appear to be many 
factors responsible for this state of mind, the following probably being the most 
important 

the slow progress of the disease and the relatively small number of 
cases which ultimately require operative therapy 

Second, advanced inflammatory changes may be present in the colon with- 
out causing proportionate signs and symptoms, so that often the physician is 
unaware of the stage of the disease and the imminence of complications 

Third, the fact that it is generally believed (and probably rightly so) that 
diverticulitis is not a forerunner of cancer There is not sufficient awareness, 
however, that in the late stages it is difficult and often impossible to distinguish 
cancer from diverticulitis by any means 

Fow th, this attitude seems in part to be a legacy from the past when the 
results of operative interference were often very poor It is only within rela- 
tively recent years that the general acceptance of defunctionmg colostomy and 
the availability of potent antibiotics plus many other important concurrent 
advances in surgical knowledge have made definitive surgical therapy reason- 
ably safe 

Fifth, the formidable nature of the operative treatment, comprising, as it 
most frequently does, a colostomy and multiple operations covering a period 
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of a minimum of six months, weighs heavily in the minds of both patient and 
physician 

In the past, surgical treatment was not considered to be indicated unless 
one or more of the following complications were present severe unremitting 
obstruction, perforation with its secondary sequelae, or fistula formation This 
attitude towards surgery still persists, and consequently when many patients 
are finally referred to the surgeon the condition has advanced to a stage where 
operative cure is virtually impossible What is needed is general recognition 
of the excellent results of properly timed operative treatment and a clearer 
knowledge of the indications for operation It is not necessary at the moment 
to give these m detail, but speaking generally, it may be said that in the second 
stage of the disease, where irreversible inflammatory changes are present in 
the colon, if a patient should continue to suffer with moderate or severe attacks 
of diverticulitis in spite of adequate palliative thei apy, then surgical treatment 
should be advised 

There are several features of the surgical therapy of this condition which 
are of great interest and the subject of considerable discussion Among these 
are the following the place of colostomy as definitive treatment with subse- 
quent closure without excision of the affected area , primary resection of the 
colon with or without complementary colostomy, the formation of a colostomy 
at the time of laparotomy for local or diffuse peritonitis following perforation , 
and the necessity or otherwise of excision of all the diverticula At this time 
all that can be offered m regard to these problems is that in general in this 
condition, because of the infective process and the possibility of poor healing, 
all safety factors should be observed Fixed routine methods of treatment are 
dangerous Each case must be decided completely upon its individual merits 

As has been indicated in the foregoing, it is felt that persistence of the 
inert and ultra-conservative attitude of the past towards the surgical therapy 
of diverticulitis is responsible for much of the morbidity and mortality that still 
attends treatment Properly timed surgical therapy gives such comparatively 
excellent results that it is imperative that the profession at large gam a clearer 
understanding of the danger signals of impending complications and advise 
operative interference at an earlier stage 

Frederick I Lewis 
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SOME LIMITATIONS OF VAGOTOMY IN THE TREATMENT 

OF PEPTIC ULCER 

A CRITICAL FOLLOW-UP ANALYSIS OF FIFTY CASES'*" 

Martin J Healy, Jr , M D and Paul K Sauer, M D 

New York, N Y 

EROM THE SURGICAL SERVICE U S VETERANS ADMINISTRATION HOSPITAL BRONX N \ 

INTRODUCTION 

We are presenting in this report, a careful and critical follow-up analysis 
of 50 cases of intractable, non-obstructing duodenal and marginal ulcer treated 
by transthoracic vagotomy In none of these cases was any supplemental 
surgical procedure performed so that changes in the course of the disease 
could not be referred to more than one operative factor This is a continuing 
survey, the end results of which will not be complete for many years to come 
However, the findings, even at this early date, have been sufficiently convincing 
to encourage us to publish this interim analysis 

HISTORICAL 

It IS not our purpose to review the voluminous literature on surgery of 
the vagus nerves We have been impressed with the fact that the clinical use 
of vagotomy, like many other surgical procedures, occurs m cycles In review- 
ing the literature it became apparent that vagotomy was utilized in the treat- 
ment of peptic ulcer over a generation ago in a number of the European clinics 
Although follow-up reports are meager, it is obvious that the procedure did 
not live up to expectations since it virtually dropped out of the literature after 
1921 until revived by Dragstedt more than 20 years later Attempting to 
discover the reasons for its original clinical use and its subsequent abandon- 
ment, the early European literature was reviewed and appropriate references 
made thereto In the early part of this century experimental work on animals^ ' 
subjected to vagotomy produced conflicting observations regarding the pro- 

Published with permission of the Chief Medical Director, Dept of Medicine and 
Surgery, Veterans Administration, who assumes no responsibility for the opinions 
expressed or conclusions drawn by the author Submitted for publication Mai,, 1949 
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duction of peptic ulcers, spasm of the pyloric sphincter, and gastric atony 
Based upon the work of Foerster who resected the posterior root nerves of 
the D-X, XI, and XII for the pain of tabetic crises, Exner,® in 1911, was the 
first to resect the vagus nerves in the treatment of peptic ulcers The publica- 
tion of his results was followed by trials of this operation in several of the 
larger clinics of Europe Several different methods of achieving a complete 
division of the vagus nerves were tried, some being admittedly inadequate 
On the other hand, many of the clinics are noted for the thoroughness of their 
work in other fields, and on this basis it must be assumed that their claim of 
complete division of the nerves is substantially correct Bircher'^ published 
his results in 1920 in a series of 20 cases of peptic ulcer and claimed a good 
result in 13 cases, fair in four, no benefit in one case, and two recurrences 
He does not mention the time interval between operation and evaluation of 
results, nor is there any later follow-up in the literature 

After revival of the procedure by Dragstedt, vagotomy was utilized by 
many clinics with uniformly encouraging results as reported in the liter- 
ature®-® In these reports, the good results claimed for vagotomy must be 
considered in the light of short follow-up periods and the fact that a majority 
of cases received, at the same time, gastroenterostomy, gastric resection, 
pyloroplasty or some other surgical procedure which alone might be expected 
to influence the final result 

From the literature it is difficult to gain a clear concept of the influence of 
vagotomy alone on the clinical course of the disease process Variations in the 
type of cases selected, the presence or absence of obstruction, and incomplete- 
ness of follow-up observations, are all factors which serve to obscure the 
issue Certainly those cases upon whom other surgical procedures are per- 
formed concurrently, cannot be considered in any analysis which attempts to 
answer the question The warning notes sounded by Lahey,®® W alters®^’ 
and Bockus,®® have been borne out by our findings which rather strikingly 
fail to confirm the more optimistic observations of other workers in the field 

CLINICAL STUDY 

With these thoughts in mind, the surgical staff of this hospital undertook 
to attempt an answer to the problem in August, 1946 It was felt desirable to 
determine the long term effect of vagotomy alone upon the clinical course of 
selected patients with duodenal or marginal ulcer Accordingly, certain criteria 
were established m order to select as homogeneous a group as possible Fur- 
ther to insure uniformity, each case was presented before operation to the 
entire surgical staff and no case was selected for vagotomy unless it met the 
following criteria 

1 Symptoms of intractable pain, chronic bleeding, or both 

2 Failure to control symptoms by adequate medical regimen 

3 Evidence of active ulcer by roentgen ray 

4 No retention, clinically or by roentgen ray 
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Patients with gastric ulcer or with acute hemorrhage were not considered 
suitable candidates for vagotomy Since the study began m August, 1946, 54 
cases have been subjected to vagotomy with one death, — -a mortality rate of 
I 9 per cent Of these 54, only 50 are reported in this series The two most 
recent cases have not been observed sufficiently long to permit evaluation of 
results One case of duodenal ulcer with obstruction was treated by gastro- 
enterostomy and subdiaphragmatic vagotomy Another patient received a 
cardioesophagostoni)’’ for achalasia of the esophagus Because of a concurrent 
intractable duodenal ulcer, vagotomy was performed at the same time 
Although good results have been observed m both of these cases after one 
year, they are not included m the series because of the uncertainty of ascribing 
the results to the vagotomy or to the associated surgical procedure 

The remaining 50 cases, on which this report is based, include 41 patients 
with duodenal ulcer and nine with marginal gastrojejunal ulcerations Patients 
were all of the male sex with ages ranging from 21 to 58 years with an average 
of 37 years , 44 were white and six colored The duration of symptoms varied 
from four months to 30 years, with an average of six years All cases had 
intractable ulcer pain, and 64 per cent, in addition, gave a history of one or 
more episodes of gastro-intestmal bleeding All 50 cases were operated upon 
through the lower left transthoracic route, with or without rib resection In 
each case the vagus nerve trunks were isolated, transected, and a segment of 
nerve removed for histologic verification 

Postoperatively an indwelling Levine tube was kept under constant suction 
for three days, after which the patient was placed on a liquid diet Persistent 
atony was treated by continuous gastric suction, parenteral feedings, and 
urecholine (Carbaminoyl-Beta Methylcholme Chloride), 5 to 10 mg three 
times daily 

While in the hospital patients received a standardized preoperative work-up 
which included histamine gastric analyses, overnight secretion studies, insulin 
(Hollander) tests and gastro-intestinal roentgenograms These were repeated 
in the early postoperative course and again upon readmission for follow-up 
examination 


ijMMEDIate post-opebativb results 

Symptoms In all except two cases there was complete or nearly complete 
relief of ulcer pain In a number of cases it was difficult to evaluate this imme- 
diate effect because of the predominance of symptoms of gastric atonia 

Gastnc Secretion Twelve-hour overnight secretion which averaged 970 cc 
was reduced to 290 cc in the early postoperative period IMaximum free 
hydrochloric acid values m the overnight specimen dropped from an average 
of 44 units preoperatively to 23 units postoperatively Insulin liypoglycemia 
tests were performed pre- and postoperatively according to the methof 
described by Hollander Where postoperative responses uere equivocal, the 
test was repeated one or more times In the early postoperative period Ho - 
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lander tests showed a negative response m 82 per cent, indicating adequate 
section of the vagus nerves In 6 per cent the test was not performed because 
of severe symptoms of obstruction which promptly developed One of these 
patients was the single postoperative death encountered The second developed 
such severe obstruction that he required gastric resection three weeks after 
vagotom}' In the third case the patient was uncooperative and left the hospital 
In two cases (4 per cent) the insulin response was equivocal and in four cases 
(8 per cent) was positive Of these last six cases ( 1 2 per cent) in which com- 
plete vagus section was not demonstrated, results were “good” in four (8 per 
cent), “fair” in one (2 per cent) and “failure” in one (2 per cent) As will 
be seen, the end results m this small group do not differ in pattern from the 
remainder of the cases m which complete vagotom} was demonstrated 

Complications Pleural effusion was diagnosed m 40 per cent of the cases 
postoperatively and probably occurred to some extent m an even greater 
number This complication was not of great moment and subsided in all cases 
either spontaneously or after thoracentesis Tw’o cases (4 per cent) de\ eloped 
atelectasis and pneumonitis One case (2 per cent) developed a wound infec- 
tion and one case (2 per cent) acute pericarditis wuth effusion which cleared 
spontaneous!}' 

By far the most troublesome complications developed as a result of dis- 
turbances in gastric motility Fullness in the epigastrium, belching, pyrosis, 
regurgitation and vomiting w^ere noted m varying degrees of severit} m 80 
per cent of the cases early in the postoperative course This was associated 
wuth loss of stomach tone, gastric enlargement, diminished peristalsis, retained 
gastric contents and delay m emptying time Barium studies to determine 
functional changes of the stomach revealed normal motility in only 40 per cent 
of the cases in the postoperative period Ten per cent show^ed mild gastric dila- 
tation , 40 per cent showed moderate enlargement of the stomach or six hour 
gastric retention, or both, 20 per cent showed enlargement over twnce the 
normal size or more than 50 per cent gastric retention after six hours, or both 

Five patients ( 10 per cent) developed early in the postoperative period such 
severe and unrelenting atony that further surgery w^as necessary Gastric 
resection was performed in four of these five cases from three to 15 wrecks 
postoperatively after strenuous efforts by the use of gastric suction and ure- 
chohne had failed The fifth case was in such poor condition from pre-existent 
hepatic disease that only gastroenterostomy was performed This failed to halt 
the patient’s downhill course and he died three months and 20 days following 
vagotomy 


FOLLOW^-UP STUDIES 

Few reports m the literature indicate the method of securing follow-up 
data It IS presumed that questionnaire responses supplied much if not all of 
the information in the majority of cases We have been impressed with the 
serious limitations of this method of evaluating symptomatic results granting 
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that it niay, at times, be the onl}^ practical means of securing information 
Personal interview associated with careful laboratory and roentgen ray studies 
form, in our opinion, a method of evaluation least likely to result in interpre- 
tative error 

For such reasons all patients in this series were requested to reenter the 
hospital for a brief period while necessary studies could be accomplished Only 
three cases (6 pei cent) ^^ere not subsequently hospitalized Two cases (4 per 
cent) had admissions to othei hospitals from winch information was received 
All other cases (90 per cent) have been readmitted to tins hospital from one 
to four times for careful evaluation and laboratory examinations which included 
overnight secretion studies, gastric analysis, insulin (Hollander) tests, and 
fluoroscopic and roentgen ray studies of the gastro-mtestmal tract Excluding 
the five cases of early failure, follow-up has been secured m all cases extending 
from six months to two and a half years, an average of 18 months One of us 
has personalty interviewed each patient m an attempt to equalize the personal 
equation m the evaluation of symptomatic results Data on all 50 cases are 
summarized 111 Table I 

Synipfonts Evaluation of symptomatic results was based on the presence 
or absence of postoperative ulcer pain and/or bleeding, or of the secondary 
effects of denervation, and the patient’s estimate of his condition as compared 
with his preoperative status The following definitions are given for the 
assigned adjective rating 

Excellent No S3miptoms of ulcer or atonia 
Good Some ulcer symptoms, but definitely ameliorated, or 

slight to moderate symptoms of atony, — or lioth 
Fair Return of ulcer symptoms or severe atony or both, 

but condition better than preoperative state 
Failure Return of ulcer symptoms at least to preoperative 
severity, — or severe atony requiring further surgery, 
or both 

Results are summarized m Figure i Failures are divided arbitrarily into 
“early” and “late,”— all five (10 per cent) of the “early” failures requned 
further surgery within three and a half months of vagotomy ^liecause of per- 
sistent atony with obstructive symptoms “Late failures (24 per cent) had 
initial relief followed by recurrence of symptoms from three to 24 months 
(average 10) postoperatively Three of this group came to gastric resection 
and one to gastroenterostomy from six to 27 months after vagotomy 

Out of the 17 failures, “early” and “late,” nine cases came to further 
definitive ulcer surgery One case (No 22) was the single postoperative death 
m the series It is noteworthy that three cases (Nos 14, I 7 > 3 ^) de\ el- 
oped marginal ulcers, two following gastric resection and one following 

gastroenterostomy 

Pam Although initial relief of ulcer pain was noted in 80 per cent of tlie 
cases, return or persistence of characteristic postprandial ulcer distress vas 
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noted to occur to some extent in 28 cases (56 per cent) in the short follow-up 
period to date Being aware of the possibility that future pension ratings might 
influence the veteran’s complaints we attempted a correlation between symp- 
toms and roentgen ray findings of all cases in the follow-up period as follows 


No symptoms — Normal roentgen-ray findings 
No symptoms — Positive roentgen-ray findings 
Symptoms — Positive roentgen ray findings 
Symptoms — Normal roentgen ray findings 
Either factor unknown 


27 per cent 
20 per cent 
27 per cent 
13 per cent 
13 per cent 


Bleeding Of 32 cases complaining of bleeding preoperatively, 7 (22 per 
cent) noted bleeding at some time during the follow-up period Two additional 
cases who had no preoperative bleeding, noted tarry stools after operation 
Knowing the long interval that may occur between bleeding episodes, the fact 
that bleeding appeared in one-fifth of our cases even in the short follow-up 
period (18 mos ), throws serious doubt on the alleged protective value of 
vagotomy against this phase of the ulcer process 

Roentgen Ray Findings Ulcer Healing — In order to determine the effect 
of vagotomy on healing of the ulcer, gastro-intestinal series were performed 
one to four times in all but six cases during the follow-up period The results 
are summarized in Figure 2 

To insure uniformity 80 per cent of the fluoroscopic examinations and 
review of all of the roentgen ray films were performed by one roentgenologist 
Criteria for activity of a duodenal ulcer were those customarily accepted by 
roentgenologists — namely, the demonstration of an ulcer niche or a tender, 
deformed bulb with irritability and/or spasm For marginal ulcer activity 
the demonstration of a niche was required 

Roughly, two out of five cases in this series were noted to have active 
ulcers in the follow-up period On many of these, healing had been demon- 
strated in the earlier postoperative months with reactivity being noted up to 
two years after vagotomy More frequent roentgen rays, particularly if taken 
m coincidence with exacerbations of ulcer symptoms, would most likely 
increase the observed incidence of recurrent ulcer 

Atonia — ^This term is used to include the alterations in motility nearly 
uniformly observed fluoroscopically following parasympathetic denervation of 
the stomach Characteristically they include gastric enlargement, diminution in 
tonus, decreased peristalsis, and retention of gastric contents That this reten- 
tion IS not due to spasm of the pyloric sphincter was repeatedly demonstrated 
by the fluoroscopist who could manually express barium through a flaccid 
pylorus into the duodenum The extreme degrees of these changes were noted 
early in the postoperative course Although tonus was regained in the major- 
ity of cases, 18 (36 per cent) had definite atony with six hour gastric retention 
from seven to 27 months after operation This stands in contrast to the recent 
findings of Ritvo, et The follow-up observations are presented in Figure 
3 These roentgen ray findings coupled with additional observations on func- 
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tional alterations noted in the gallbladder, large bowel and kidneys will form 
the material for another paper 

Secondary Symptoms Closely correlated with roentgenologic observations 
of gastric atonia are those symptoms associated directly with section of the 
vagus nerves Again the early symptoms of bloating, fullness, regurgitation. 


Fig I 


EXaillNT SYMPTOM FREE 18 % 


OtXJKNAL MARGINAL 



GOOD SYMPTOMS 
IMfTTOVEO 


36% 


28% 


8 % 


FAIR TEMPORARY 12 % 
OR mCOMPlETE 
RELIEF 



FmjRE 


IMMEDIATE FROM 
OBSTRUCTION lOX 
LATE RECURRENCE 
OF SYMPTOMS 24 % 



50 CASES 

VAGOTOMY FOR PEPTIC ULCER 
END RESULTS - SYMPTOMS 



Fig 2 

Fig I — Results observed six to 30 months post- 
operatively 

Fig 2 — End results of vagotomy as determined 
by roentgen ray appearance of ulcer 


vomiting and diarrhea either disappear or are greatly ameliorated in the major- 
ity of cases after several weeks In contrast to some earlier reports, persistent 
larrhea was not an outstanding complaint in the follow-up period, occurring 
in only two cases (4 per cent) Persistence of symptoms, however, is not as 
infrequent as previous reports have led us to believe Excluding the early fail- 
ures due to unremitting atonia, 49 per cent of cases during the follow-up period 
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presented significant symptoms which in 9 per cent formed a source of serious 
disability Considering the entire series, only 46 per cent escaped severe or 
prolonged symptoms attributable to nerve section 

Gastnc Secrehon In general, 12-hour overnight secretion volumes tended 
to increase during the follow-up period with values intermediate between the 
preoperative and early postoperative levels Free HCl was repeatedly 
observed m cases which had demonstrated achlorhydria shortly after vagotomy 
In at least six cases (12 per cent) insulin tests previously negative or achlor- 
hydric became equivocal or positive, usually associated with recurrence of 
symptoms We cannot explain this observation, but we doubt that it is due to 
regeneration of the vagus nerve fibers Considerable difficulty was experi- 
enced m the interpretation of some results and there were many conflicting tests 

CASE REPORTS 

Brief protocols of all cases are con- 
tained m Table I Pertinent observa- 
tions are offered in the 17 cases classified 
as failures 

Case 1 — A 41-year-old white male first 
noted hematemesis three years before admis- 
sion Roentgenograms revealed a duodenal 
ulcer Subsequently he had many episodes of 
pain, hematemesis and tarry stools necessitating 
hospitalization on three occasions At the pres- 
ent admission roentgen rays revealed an active 
duodenal ulcer with a niche Overnight gastric 
secretion was 15 so cc with a free acid of 55 
and a total acid of 75 units Transthoracic 
vagotomy was performed on August 30, 1946, 
with relief of pain Repeated postoperatne in- 
sulin tests showed a negative response He was 
relieved of pain for three months, after which 
mild symptoms were noted until two years 
after operation, when there was full return of preoperative pain and tarry stools Three 
follow-up roentgenograms at three, seven and 14 months had demonstrated a healed ulcer, 
but the fourth series done two years postoperatively revealed an active ulcer with a niche 

(Fig 4) 

Comment In this case vagotomy was followed by relief of symptoms and 
healing of the ulcer The effect was temporary, however, with return to 
preoperatiA'^e status after two years 

Case 4 — A 58-year-old white male presented a four-month history of postprandial 
abdominal pain, hematemesis and tarry stools Roentgenograms revealed a large 
duodenal ulcer crater Acid values were within normal limits The patient had two 
further hematemeses and tarry stools while under medical treatment over a period of 
two months On November 20, 1946, transthoracic vagotomy was performed with 
relief of symptoms Insulin test was negative The patient was free of ulcer pain or 
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AS DEMONSTRATED BY X RAY 

Fig 3 — Roentgen ray observations 
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bleeding for 24 months Roentgen rays at three, six and il months showed ° 

file ulcer and a moderate degree of atony Twenty-four months after vagotomy the 
patient had abdominal distress and hematemesis for which he was readmitted Roentgen 
rays now revealed, (Fig 5 ), a large filling defect of the greater curvature of the 
stomach Laparotomy was performed 27 months after vagotomy and a large tumor 
occupying the posterior wall of the distal half of the stomach was resected (Fig 
Histologic examination revealed the tumor to be a reticulum cell lymphosarcoma A 
portion of the resected duodenal bulb showed no evidence of ulcer 


Comment The question naturally arose whether the tumor existed at the 
time of vagotomy 27 months before All films were reviewed by the entire 
radiology staff and it was definitely felt that the patient originally had a duo- 
denal ulcer which healed after vagotomy The tumor mass of the stomach 
could not be observed even in retrospect in the many films taken during the 
follow-up period It is possible, but not likely, that the atony secondary to 
nerve section may have altered the radiologic criteria for detection of the 
earlier stages of the tumor Certainly if transabdominal exploration had been 
done initially, this question w ould not still be unanswered 


Case 8 — A 39-year-old white male gave a three-year history of ulcer pain with 
several tarry stools and one episode of perforation nine months before admission Over- 
night secretion was 840 cc with a free acid of 80 and a total acid of 113 units Roentgen 
rays revealed a duodenal ulcer with a niche Vagotomy was performed on January 28, 
1947, with relief of pain and an uncomplicated postoperative course Insulin hypo- 
glycemia test showed complete achlorhydria He noted only moderate epigastric fullness 
and belching and remained free of ulcer symptoms for 2 years Fourteen months after 
operation he developed typical symptoms and signs of acute appendicitis and appen- 
dectomy was performed 

After two years, ulcer pain returned with its preoperative seventy Although he 
has secured partial relief from diet and antacids, he has lost much time from work 
because of pain At 25 months roentgen rays revealed a duodenal ulcer niche and the 
insulin hypoglycemia test was now equivocally positive 

Comment This case demonstrates the temporary effect of vagotomy on 
ulcer symptoms, roentgen ray findings, and the cephalic phase of gastric 
secretion 


Case 14 — -A 32-year-old white male presented a three-year history of intractable 
ulcer pain with hematemesis on four occasions, the last one two weeks prior to admis- 
sion Overnight gastric secretion was 875 cc with a free acid of 20 and a total acid of 
50 units Roentgenograms revealed a duodenal ulcer niche After five weeks of medical 
treatment only partial relief was obtained and vagotomy was performed on April 8, 
1947 Except for a pleural effusion, the postoperative course was uneventful and he 

was relieved of pain Postoperative insulin hypoglycemia test demonstrated complete 
achlorhydria 


After symptom-free months he passed a tarry stool Later his ulcer pai 
returned and he was readmitted to the hospital six months after vagotomy At tha 
ime roentgen rays revealed some decrease in the size and activity of the ulcer Over 
nigtit secretion was 250 cc and the insulin test was equivocal 

which vagotomy he was again hospitalized for severe ulcer pai 

inch simulated a perforation Roentgen rays revealed an increase m the size of th 
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ulcer niche and the insulin test was now positive High subtotal gastrectomy was 
performed on August 31, 1948 Three weeks later the patient complained of burning 
pain in the midepigastnum Roentgen rays (Fig 7), revealed an acute jejunal ulcer 
just distal to the stomal site 

Comment Vagotomy, apparently complete, failed to prevent the develop- 
ment of a marginal ulcer after subsequent gastric resection 



Fig 4 Fig 5 

Fig 4 — (Case i) Two years after vagotomy showing active duodenal ulcer 
niche Previous films had shown healing of the ulcer 

Fig S — (Case 4) Twenty-seven months after vagotomy, roentgen ray reveals 
a large filling defect along the greater curvature of the stomach 


Case 17 — A ag-year-old male presented a history of ulcer pain for seven years 
including one episode of perforation 1 1 months before admission Roentgen rays revealed 
an active duodenal ulcer Overnight secretion was 250 cc and acid values were normal 
Transthoracic vagotomy was performed on May 28, 1947, with immediate pain relief 
Insulin test was negative Three months later he had recurrence of ulcer pain which 
became steadily worse and occasioned his admission to another Veterans’ Hospital 
where, because of persistence of the ulcer and severe gastric retention, a gastroenteros- 
tomy was performed Relief was only partial and 21 months after vagotomy he was 
again admitted to this hospital with his same preoperative symptoms Roentgen rays 
revealed a deformed duodenal bulb There was tenderness over the stomal site and an 
ulcer crater was demonstrated at the anastomosis Insulin test was now positive Dis- 
mantling of the gastroenterostomy and gastric resection were performed on March 30, 
1949, 22 months after vagotomy The resected specimen did not reveal a marginal 
ulcer despite the evidence on repeated films performed 10 days before (Fig 8) The 
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Fig 7 
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Comment Because o£ the patient’s age and chief symptoms of pain he was 
considered to be an ideal candidate for vagotomy Pam relief was secured but 
only for 13 months, followed by reactivity of the ulcer 

Case 34 — A 42-year-old white male sustained a perforation of a duodenal ulcer 
five years before admission After an asymptomatic period of three years he noted ulcer 
pain which became increasingly severe despite medical treatment Shortly before 
admission he had severe hematemesis and melena Overnight secretion was 625 cc with 
a free acid of 100 and total acidity of 115 units Roentgen rays revealed an active duodenal 
ulcer Transthoracic vagotomy was performed on December 26, 1947, with relief of 
symptoms Insulin test was negative postoperatively and overnight secretion was reduced 
to 125 cc with five units free acid and 10 units of total acid Following discharge he 
noted fullness in the epigastrium and abdominal distention After five months, roentgen 
rays showed an inactive ulcer and the insulin test was equivocal After ten months the 
ulcer pain recurred At 14 months roentgen rays showed an active ulcer with niche 
formation and 50 per cent gastric retention after four hours The insulin test was 
equivocal There has been no further bleeding and patient is being continued on a 
medical regime 

Comment Despite adequate vagotomy, pam recurred after ten months with 
reactivation of the duodenal ulcer 

Case 38 — A 29-year-old colored male gave a history of duodenal ulcer pain of 
five years’ duration He had had several previous hospital admissions for medical 
treatment Overnight secretion was 450 cc with free acid of 18 and total acid of 30 
units Roentgen rays revealed an active duodenal ulcer On April 9, 1948, transthoracic 
vagotomy was performed uith immediate relief of pain Symptom relief was very 
transient and after several days he complained of epigastric pain, bloating and regurgi- 
tation Roentgen rays on the eleventh postoperative day revealed a dilated atonic stomach 
with 75 per cent retention of barium after four hours Overnight secretion on the 
sixteenth postoperative day was 270 cc with no free acid and a total of 30 units 
Insulin test showed complete achlorhydria Despite gastric suction and urecholine, the 
patient continued to complain of pam and lost 10 lbs m weight On June 9, 1948, two 
months after vagotomy, subtotal gastrectomy was performed Four weeks postoper- 
atively the patient suddenly collapsed and died an hour later Autopsy revealed a 
massive embolus m the right pulmonary artery 

Comment This case is not considered a fatality from vagotomy since he 
had fully recovered from its effects save for the gastric atony 

Case 42 — A 28-year-old colored male gave a history of duodenal ulcer for five 
years with intractable pam and several episodes of bleeding In October, 1947, gastric 
resection was performed at another hospital He was relieved of pain for five months 
and then developed recurrence of pam associated with fullness, cramps, nausea, vomiting 
and hematemesis Re-exploration of the abdomen was performed at another hospital 
m April, 1948, with lysis of intestinal adhesions Although his obstruction was relieved, 
he continued to have epigastric and left upper quadrant pam partially relieved by 
alkalis and milk The pam became worse and he was admitted to this hospital July 7, 
1948 A G I series revealed evidence of a marginal ulcer After an unsatisfactory 
trial of a careful medical regime, transthoracic vagotomy was performed on September 
IS, 1948 Postoperative course was uneventful and patient was relieved of pain Insulin 
test postoperatively was negative Three months later his ulcer pam recurred wit 
only partial relief by alkalis or food Nausea and vomiting were subsequently experi- 
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and be sought readmtssiou to the hospital Marked tenderness was noted m the 
St epigastrium and roentgen rays revealed marked spasm of the efferent jejunal loop, 
though an ulcer crater could not be visualized Insulin test was equivocal Gastros- 
copy did not reveal the presence of a marginal ulcer 


Comment This case was considered a failure because of complete recur- 
rence of preoperative symptoms and demonstrable evidence of persistent abnor- 
mality of the efferent jejunal loop 


44 „A 47-year-oId white male bad a gastroenterostomy performed for obstruc- 
tive duodenal ulcer in 1939 He was relieved until 1946, when he had left upper abdom- 
inal and umbilical pain, vomiting and a 30-pound weight loss Roentgen rays revealed 
narrowing of the efferent loop with two ulcer craters, and no gastric retention Trans- 
thoracic vagotomy was performed on January 22, 1947 The early postoperative course 
was uneventful but on the tenth postoperative day there was evidence of obstruction and 
the patient vomited repeatedly Roentgen rays on the thirteenth postoperative day 
revealed a tremendous dilatation of the stomach (Fig ii) Treatment with continuous 
gastric suction, prostignune, and intravenous alimentation produced only partial relief 
The patient tolerated a soft diet for two months but failed to gam weight and continued 
to have severe gastric atony Insulin test revealed evidence of complete vagus nerve 
section A two weeks course of urecholme (10 mg tid before meals) did not influence 
the obstruction favorably and on April 9, 1947, two and one-half months following 
vagotomy, the gastroenterostomy was dismantled, the involved jejunal segment resected 
and gastric resection performed The specimen revealed a stenosis of the pylorus, 
narrowing of the efferent jejunal loop, and an active stomal ulcer Six months later 
roentgen rays of tlie stomach revealed a good stoma, no ulcer and no retention 


Comment In this case an apparently complete vagotomy failed to heal a 
marginal jejunal ulcer after two and one-half months The procedure appar- 
ently converted a potential stomal obstruction into a most extreme retention 
which was not favorably influenced by conservative therapy 


Case 46 — K s6-year-o!d white male gave a history of painful duodenal ulcer with 
vomiting for 28 years In January, ig4j, a G I senes revealed almost complete pyloric 
obstruction with deformity of the duodenal bulb On February 4, 1947, a posterior 
gastroenterostomy was performed with marked relief of symptoms He was well for 
four months and then developed epigastric pam with intermittent vomiting Roentgen 
rays revealed a large ulcer crater just distal to the anastomatic stoma On July 7, 1947, 
transthoracic vagotomy was performed with complete relief of symptoms Insulin test 
was negative Nine months postoperatively he noted left upper quadrant pain relieved 
y 00 or alkalis Roentgen rays 14 months after vagotomy revealed a large ulcer 
crater in the proximal portion of the efferent jejunal loop (Fig 12) The patient has 

intermittent tarry stools, until the time of this report, 20 

months after vagotomy 


Comment Despite apparently complete nerve section, this patient failed 
gam more than five months of symptom relief and demonstrated either per- 
sistence or reactivation of the marginal ulcer 


three A. 46-year-old merchant seaman gave a history of duodenal ulcer of 

formed at admission a subtotal gastrectomy was per- 

for intestinal nhT Subsequently he underwent four laparotomies presumably 
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Fig io 


Fig II 



Fir 12 


Fig 13 


Fig io — (Case 31) Nine months after vagotomj' and 5/4 months 
resection for duodenal ulcer Roentgen rays demonstrate an acute ulcer niche in tne 
efferent limb of the jejunum , 

Fig II — (Case 44) Thirteen days after vagotomy Roentgen ray revea 
tremendous dilatation of the stomach which is filled with fluid and air and occupies 
two-thirds of the abdominal cavity 

Fig 12 — (Case 46) Fourteen months after vagotomy for marginal ulcer 

demonstrates large persistent ulcer crater in the proximal portion of the e er 
jejunal loop ^ 

Fig 13 — (Case 45) Eleven months after vagotomy for post-gastroente y 
stomal ulcer Despite complete symptom relief there is a persistent ulcer nici 
barium retention in the stomach after four hours 
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Tanarotomy With iysis of intestuml adhebioni, was perfoiitvid on September 26, 
ma- Relief was temporary and a second exploration was done nine days later with 
. .P.imostomy to bypass an obstructed loop The patient’s pain continued and now 
rays revlalcd a large stomal ulcer crater rvtlltout gastnc retention Overmgltt 
,«» rvas 520 cc mtl, no free aetd but 75 umts of total acitl Because of per- 
Lcc of patn and vora.tmg, and failure of previously performed laparotoro.cs to 
reliete the symptoms, it uas felt that the stomal ulcer tvas responsible 

Accordingly, on November 4, 1947, transthoracic vagotomy was performed wit 1 
immediate and dramatic relief of pain The patient became uncooperative and left the 
hospital before further secretion studies could be performed Since discharge he has 
had recurrence of abdominal pain and persistence of tlie stomal ulcer 


Conmenf This case was not an ideal selection for vagotomy because of 
the difficulty of evaluating postoperative symptoms How^ever, the dramatic 
relief of pam after a agotomy, after failure of many previous operations, indi- 
cates that the stomal ulcer pla}ed a major role m the clinical picture 


SUMMARY 

We have not been able to confirm the encouraging rejjorts of other inves- 
tigators rvith regard to the effectiveness of vagotomy in the treatment of 
duodenal and marginal ulcer Fift) careful!} selected cases with intractable 
pam, and without obstruction, w^ere subjected to transthoracic vagotomy with- 
out any associated surgical procedure to obscure the final result There was 
one death in the series In the early postojierative period w^e w ere able to 
confirm previous reports wuth regard to nearly uniform relief of symptoms, 
diminution of secretory volume and acidity and a high incidence of gastnc 
atonia 

One hundred per cent follow^-up wms obtained over a period of six to 30 
months postoperatively, an average of 18 months Rehospitalization wms 
accomplished on nearly all cases from one to four times for careful symptom 
analysis, roentgenograms and secretion studies Symptomatic results were 
excellent m 18 per cent, good m 36 per cent, fair in 12 per cent, and failure in 
14 percent There were five failures (10 per cent') m the early postoperative 
period due to unrelenting atony w'hich necessitated further surgical interven- 
tion The remaining 24 per cent were failures because of recurrence of preop- 
erative symptoms during the follow-up period Roentgen ray healing of the 
ulcer Mas noted m 42 per cent of the cases but 38 per cent showed either per- 
sistence or recurrence of active ulcer during the foIIow-iip period (three to 30 
uiont s) Roentgen ray evidence of gastnc atony, enlargement and retention, 
prei lous y reported as a transient phenomenon wms observed lu 42 per cent 
e cases throughout the follow-up period 

relief of pain afforded by vagotomy was temporary, 
gastric ^ nionths Nine of the 17 failures required subsequent 

^^stroenterostomy Three of these cases later developed 
deuce th / apparently complete nerve section There was no evi- 

noted in favorably influenced symptoms of bleeding which 

m 22 per cent of cases m the follow-up period 
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Although the period of follow-up observation of these cases is somewhat 
short to draw final conclusions, nevertheless, the relatively large percentage 
of unsatisfactory results noted up to the present time is very significant and 
clearly indicates that the procedure has serious limitations in the treatment of 
peptic ulcer In reconciling the poor results noted in this series with the 
favorable reports of other observers it must be remembered that frequently the 
latter are based upon vagotomy in combination with gastroenterostomy It is 
commonly recognized that gastroenterostomy alone gives generally excellent 
early results but that the duration of beneficial effects is inversely proportional 
to the length of the follow-up period Only after observations have been made 
over many years will we know whether or not the combination of vagotomy 
with gastro-enterostomy or other surgical procedures is a rational one 

According to our data a patient who is subjected to vagotomy has one 
chance in five of securing complete relief, two chances in three of being 
benefited to some extent, and one chance in three of failure — all within an 
average of i8 months postoperatively For this rather dubious benefit he must 
accept a small but nevertheless significant mortality risk and the unhappy 
prospect that his continued freedom from ulcer symptoms is by no means 
assured Half the time he must also pay an additional premium m the form of 
persistent symptoms of gastric atony which not infrequently may be more 
disabling than the original ulcer 

On the whole, we feel that vagotomy, even in carefully selected cases, has 
not proved successful in a sufficient number of cases to justify its routine use 
Despite the lower operative mortality, failures are too frequent and morbidity 
too serious after vagotomy to justify its replacement of other proved more 
effective methods of surgical treatment 

CONCLUSIONS 

1 Careful follow-up studies are reported in 50 selected cases of non- 
obstructed duodenal or marginal ulcer treated by transthoracic vagotomy 
without other associated surgical procedures 

2 Failures were observed in 34 per cent of cases after an average follow- 
up period of 18 months 

3 Previous reports of other investigators concerning the long-term effects 
of vagotomy on symptom relief, ulcer healing, gastric secretion, and secondary 
symptoms have not been confirmed 

4 There are serious limitations of vagotomy in the treatment of duodenal 
and marginal ulcer 
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SOME REFLECTIONS ON SURGICAL PRINCIPLES IN TREATIN( 
CANCER OF THE COLON AND RECTUM 

BASED ON AN ANALYSIS OF 70 PATIENTS* 

Ukban Maes, M D and I M Essrig, M D 
New Orleans, La 

FROM THE DEPARTMENT OF SURGER\ L S U MEDIC \.L SCHOOL AND THE 
SURGICAL SERVICE OF TOURO INFIRMAR\ NEW ORLEANS 

The story of the surgical treatment of carcinojua of the Jarge bowel is 
somewhat like a three-act drama m which the scene and action in the last act 
are similar to the first To be sure, the characters and the results are quite 
different Because of the almost complete revolution in the cycle, it might be of 
interest to review our own series of malignant lesions of the large bowel and 
rectum, and to examine the data and results in an effort to determine what 
lessons might be learned from such constant change 

Back m the “gay-nmeties” when one of us (U M ) first became interested 
m intestinal surger)q resection of the colon with an open end-to-end anastomosis 
was m vogue True, not many resections had been performed, yet Billrotlff was 
able to report a series of 17 cases in 1889 with a 60 per cent mortality During 
residency at Touro Infirmary, m 1898 and 1899, not one elective resection of 
the colon or rectum was observed In 1903, Mickuhcz^ reported 24 cases in 
the Boston Medical and Surgical Journal with a mortality of only 166 per 
cent, having utilized a multiple-stage exteriorization procedure developed by 
Block® on the continent and PauP of Liverpool As a result of these publica- 
tions most surgeons adopted staged operations as the procedure of choice for 
malignant lesions m all levels of the colon except the rectum 

The first successful extirpation of the rectum had been performed by 
Lisfranc'* m 1826 He used the perineal approach, which Alhngham® was one 
of the first to modify, by leaving the external sphincter m situ Because of 
tension it was rarely possible to attach the remaining rectum to this muscle, 
and the wounds healed poorly Despite the fact that such operations were 
considered “barbarism and part of the surgery of a by-gone age,”" many 
fine surgeons attacked the problem with vigor In an epochal paper, Kraske® 
advised removal of a portion of the sacrum This was the first effort towards 
a more radical approach At first Kraske was content to suture only the 
anterior walls of the remaining rectum, but later advised a complete anasto- 
mosis If enough slack could be attained, Hochenegg® pulled the proximal 
portion down to the anal skin or, if this was impossible, he created a sacral anus 
Because of technical difficulties, Czerny,^® m 1883, was compelled to do a 
combined abdommo-permeal resection Later, MaunselB^ and Quenu^® advo- 
cated the combined method as an elective procedure Fifty years ago, Tuttle 
stated, in words which sound as if they might have been written yesterday , 

* Submitted for publication Mav 1949 
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“Where the tumor is limited to that portion of the intestinal tract entirely sur- 
,nded by peritoneum abdominal resection is undoubtedly superior to 
others and can be quickly executed by [aseptic methods] Where the 
tumor IS well below the promontory of the sacrum, however, in that portion of 
the gut only partially covered by peritoneum, complete removal by this route 
alone is attended with many difficulties ” Mann,^-i of Buffalo, advocated 
Ltenor resection and anastomosis foi all lesions of the rectum proximal to the 
distal two inches m an article published in 1901, the same yeai that he tried to 
save the assassinated McKinley 

Miles, m 1908, presented reasons foi the radical removal of lower sigmoid, 
rectum and anus which were so convincing that the debate of anterior resection 
versus posterior resection was almost silenced Babcock^^’ and Bacon,i'^ how- 
ever, have continued to fight for preservation of the sphincters and perineal 
anus, and Horsle}^^ and Dixon^^ for antenoi resection 

In 1928, Rankin'” modified the exterioi ization operation with the intro- 
duction of obstructive resection accomplished by a special clamp Several years 
later he reported 31 cases with a mortality of 3 per cent In the meantime 
proponents of a one-stage operation, because of the extremely high incidence 
of infection, experimented with various closed methods of anastomosis to 
achieve asepsis O’Hara^- and Schoemaker-'^ devised special clamps, Martel,^^ 
an ingenious steel bow, and Parker and Kerr-'^ the basting stitch In 1940, 
Kerr-” stated that over 40 methods of aseptic anastomosis had been described 
Improved clamps devised by Furniss,"” Stone-® and Wangensteen,-” among 
others, have given further impetus to the closed method Thei e is unquestion- 
ably a decided trend, at the present time, towards the more frequent use of 
aseptic primary anastomosis (Gibbon®”) Nevertheless, a number of eminent 
authorities still prefer extraperitoneal obstructive lesection, pai ticularl}^ in the 
distal colon, as they have found that they obtain a lower mortality with two 
sittings 

A further debatable point has been the use of proximal decompression 
Wilkie,®^ Whipple,®® Cheever,®® Dixon,®"* and others favored proximal cecos- 
tomy or colostomy Stone and McLanahan,®” Wangensteen,®” and Wffiugh®" 
are among those who oppose it in the non-obstructed case 

The introduction of intestinal chemotherapy by Firor and Jonas®® has 
added further sub-divisions to the various camps of adherents of one or another 
method Finally, Meyer®” has recently endorsed one-stage open anastomosis 
just as did Reybard^” and Kohler,^* who started colon resection for cancer , and 
the stage is set just about where it was 50 years ago when the senior author 
first started his surgical career 

Thus, we now have those who advocate staged procedures, as well as 
advocates of a one-stage operation , those who believe in open anastomosis and 
t ose who prefer a closed one , those who use complemental decompression, 
and those who do not One school is intent on preservation of the perineal 
anus, either by ‘ pull-through” operations or anterior resection, while another 
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will have nothing to do with such conservatism And there is the group of 
surgeons who prefer one of the above plans but do not use preoperative 
chemotherapy, and the group who do Certainly such division of opinion is 
confusing to the younger surgeon and makes it extremely difficult for him to 
select the optimum plan for his patient 

While It IS obvious that no one method is best for all cases, we are con- 
vinced that adherence to certain fundamental principles will enable the surgeon 
to choose the method best suited to the majority of his patients First and 
foremost is earlier diagnosis and surgical intervention. Second, is radical 
extirpation of the lesion and its tymphatic pathways, Third, is adequate 
physiologic and pharmacologic preparation of the patient. Fourth, is comple- 
mental proximal decompression to avoid distention and tension on the suture 
line, Fifth, is simplicity and adaptability of technic 

These fundamentals are reviewed in the light of our experience with 70 
consecutive operations on the colon and rectum done during the past 16 years, 
all from the surgical service at Touro Infirmary 

1 Eai her Diagnosis The rise in resectability rate and lowering of opera- 
tive mortality leave little to be gained by advances in technic or management 
alone The only hope for an improvement m curability lies in extending 
diagnostic measures Consequently, we must adopt the obvious principle of 
earlier recognition as the corner-stone of any group of rules 

Since many of the symptoms given m many texts are of little actual value 
in making an early diagnosis, attention must be directed towards earlier abnor- 
malities of function These include recurrent bouts of vague abdominal dis- 
tress, darkening in color or specks of blood m or on the stools, and gradually 
changing bowel habits In these days of oil and radio-ballyhooed “nature 
remedies,” constipation often passes unnoticed, but the use of steadily increasing 
amounts of laxatives by a patient mav be a valuable lead With such hints a 
complete physical examination is indicated This must include sigmoidoscopy 
and roentgen ray studies It should be remembered that few 1 ectal lesions can 
be visualized by roentgenogram, but approximately 70 per cent of rectal cancers 
can be felt with the examining finger while almost 75 per cent of all large 
bowel cancers can be seen vith the sigmoidoscope Periodic ph3'^sical 
examination in the absence of a suggestive history does not seem to be a 
practical approach Given an early diagnosis, the percentage of patients with 
initial signs of obstruction and, thus, higher operative mortality and lessened 
curabiht}’’, will be decreased In addition, the number of cases with extension 
through the serosa, distal lymphatic metastases, and blood vessel spread will 
be minimized 

2 Radical Operation One of the major objections to exteriorization pro- 
cedures IS the inability to resect widely the areas of lymphatic drainage at the 
root of the mesentery The danger of local implants was largely abolished by 
Rankin’s modification Nevertheless, multiple procedures entail multiple 
risks, a higher incidence of complications, and prolonged hospitalization 
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The investigations of Jamieson and 00138011 “*^ on lymphatic spread have been 
extended by Dukes and Gabriel/^ Gilchrist and David, and Coller and his 
workers The number of nodes involved were found to be much greater than 
previously suspected Retrograde extension occurred rarely, but blood vessel 
invasion was found m about 1 5 per cent of cases INfight it not be that the higher 
curability rate for right sided lesions is related to the radical hemicolectomy 
performed, in contradistinction to the more limited resections on the left side ^ 

Consideration of blood supply has been emphasized by Steward and 
Rankin,^*’ and Singleton Inconstancy in vascular anastomoses between the 
terminal branches of both superior and inferior mesenteric arteries must be 
understood by the surgeon, as viability of remaining bowel must not be 
jeopardized by an)^ weak links in collateral blood supply On the other hand, 
the critical point of Sudek has been de-emphasized Observation of small 
vessel pulsation, reflex muscle contractility and color of the bowel will guide 
us in estimating adequacy of circulation Utilizing these aids, a radical opera- 
tion with immediate anastomosis is feasible 

3 Adequate Pi epai aiwn Proper cleansing of the bowel and elimination of 
distention ha\ e been emphasized for man}’’ years Advances in physiology and 
pharmacolog}’ have enabled us much more adequately to prepare the patient 
Replacement of protein and weight loss, fluid and vitamin deficiencies, and 
diminished blood volume are recent advances which have added considerably to 
lovering of the mortality Improvements in anesthesia and management of 
shock are further contributions to the procedure itself The use of whole blood 
to restore a normal blood volume is of utmost importance 

Another significant benefaction, in our opinion, is the employment of 
intestinal chemotherapy to minimize infection Because of well mtentioned 
aims to emphasize other prominent factors, some surgeons have belittled this 
outstanding advance and others have even declined to use such drugs, but they 
appear to be a minority The improvement in our mortality figures since the 
addition of this measure is noteworthy, and the results of numerous clinical and 
laboratory experiments only serve to emphasize the value of chemoprophylaxis 
in the preparation of the patient 

4 Complemenfal Decompi ession This principle has received much atten- 
tion and, recently, Graham'*® has found that approximately 30 per cent of a 
selected group of surgeons questioned continue to use it We readily admit that 
this IS one of the least important measures in the non-obstructed patient, and 
much of its value has been obviated by tube decompression However, we still 
prefer to use such a safety valve, mainly to eliminate pressure on the suture 
line There is also added comfort to the patient when peristalsis proximal to 
the resected area begins, and the artificial vent allows elimination of gaseous 
distention We have rarely had complications arising from employment of 
this measure which was so strongly advocated by C H Mayo 

5 T echmc It should be emphasized that we must be open-minded in the 
selection of the particular type of operation indicated in the individual 
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patient Of course, earlier diagnosis means earlier operation, thus avoiding 
those conditions which may invalidate primary resection with immediate anasto- 
mosis Our success will depend on operation before obstruction, perforation or 
gross infection have occurred, all of which may require proximal drainage or 
deviation of fecal stream before any definitive surgery can be attempted 

If a definitive procedure is feasible, we believe that the simplest and most 
direct one Avhich allows achievement of the aforementioned principles will 
give the best results Hence, a one-stage resection with end-to-end anastomosis 
IS advocated Because closed types of anastomosis entail additional steps, we 



Fig I Fig 2 

Fig I — Excision of bowel between Payr clamps Mobilization by incising 
avascular “Monk’s white-line ” 

Fig 2 — “U’’-shaped resection of mesentery rather than usual “V” Angulation 
towards anti-mesenteric border as described by Madelung 


prefer open anastomosis The preoperative use of a non-absorbable sulfonamide 
makes this procedure relatively safe 

Some of the more significant technical details of a sigmoid resection are 
discussed The abdomen is entered through a left rectus-sphtting incision with 
the patient in slight Trendelenburg position Spinal anesthesia is preferred 
Exploration is done and, unless there is evidence of widespread metastasis, 
resection is attempted The peritoneum is incised at its reflection from the 
mesentery (Monk’s white line) (Fig i) After the major vessels are Ausual- 
ized they are clamped, cut and ligated If the lesion is a low-lymg one, steady 
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traction on the pelvic colon at this stage frequently gives added exposure 
The mesenteiy of the bon el is then cut, not in the usual “V” manner, but in a 
broad “U,'’ to and including its lOot, thereby enabling the maximum of lymph 
bearing tissue to be 1 emoved (Fig 2) 

Rubbei-shod clamps aie placed on the neai and far sides of the tumor to 
interrupt any fecal flow As much bowel as possible on both sides of the lesion 



Fig 3 — Utilization of Cheatlc’s slit on anti-mesentenc border 
to increase and equalize lumen 


IS sacrificed, consideration being given to the fact that the twm ends must be 
brought together wuthout tension With Allis clamps marking the site of re- 
section, thin-bladed Payr clamps are placed at an angle of approximately 60° 
to the mesenteric border, as initially suggested by Madelung^*^ The actual 
portion to be excised is clamped with Kocher forceps and the colon severed 
with a sharp knife W e do not like the actual cautery Heating clamps with 
the cautery may be responsible for transmission of excess heat to adjacent 
bowel with subsequent slough We do appease^surgical sensibilities by wiping 
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the open ends with an iodine sponge The Payr clamps are removed and the 
crushed tissue trimmed off The viability of these margins is then checked, 
and if there is doubt as to adequate blood supply more bowel must be resected 
Because of the inequality in the diameter of the two ends of the intestine. 



Fig 4 — A and B Progressive steps in the placement of Connell’s suture 
C and D The only new feature of this suture as stated by Connell was 
the method, as shown here, of securing the final suture so that all knots are 
on the inside 

the smaller end or both are usually split for a varying distance on the anti- 
mesentenc border, described first by Cheatle (Fig 3 ) End-to-end anasto- 
mosis IS then accomplished by means of a single layer of interrupted ConnelP^ 
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“U” sutures with all knots tied in the lumen (Fig 4) Fine silk is used on a 
straight intestinal needle If placed carefully and with attention to detail, one 
row of sutures provides a perfectly adequate hemostatic and water-tight closure 
(Fig 5) For added precaution the ends of adjacent appendices epiploicae are 



Fig 5 — ^Diagrammatic sequence of securing last suture so that knot though tied and 

cut on outside remains m interior 

tacked over the suture line 
One row of sutures obviously 
produces less diaphragm than 
several rows (Fig 6) Single- 
layer closure has been used in 
26 consecutive cases (includ- 
ing three colotomies for re- 
moval of malignant polyps) 
during the past eight years 
without an operative death 
Reperitoneahzation is ac- 
complished, after which a ^ B 

Stamm-type colostomy using „„ 

a Pezzar catheter is done sev- of sutures 

eral inches proximal to the B Formation of partial diaphragm with use of 

suture line The end of the additional suture layers 

catheter is passed through an 

opening made in the omentum and out the upper margin of the incision, or 
sometimes through a small stab wound m the flank to humor the residents 
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The suture line is then inspected and sulfanilamide crystals sprinkled over the 
area The omentum is replaced and the wound closed in layers 

If there has been no excessive weight loss and the abdominal wall appears 
strong, the peritoneum is closed with continuous catgut, and the fascia with 
interrupted silk But if the various layers seem to be unduly pale or attenuated, 
or there is a history of marked wasting, the peritoneum and fascia are closed 
as a single layer employing Whipple’s®^ far-and-near figure-of-eight stitch 
Formerl}'-, silk was used for this suture, but because of the large bites of tissue 
taken, we now use medium chromic catgut If the fatty layer is very thick, 
Babcock wire-retention sutures through the fascia are emplaced and fastened 
with Davey buttons No drains are used If there has been unexpected 
spillage, the peritoneum alone is closed and the remainder of the wound 
packed with dry gauze Secondary closure can usually be performed four 
to five days later and, at that time, the fascia and skin ma)'^ be closed with 
interrupted sutures 

Postopei ahve Adeasiues Five hundred cubic centimeters of blood is 
usually given during the procedure and, postoperatively, as indicated Peni- 
cillin is routinely given for four to five days Fluids are given sparingly by 
mouth the first day, and all liquids, except milk, freely on the second day 
Sufficient intravenous fluids are given to insure a urinary output of looo to 
1500 cc , depending on the patient’s age and cardio-renal status Less saline 
has been given in recent years although we have ahvays preferred to keep our 
patients slightly more on the “dry” than on the “wet” side If it is necessary 
to check the salt balance of the patient, the urinary chloride output can be 
accurately and easily estimated, as emphasized by Marriott 

The patient is encouraged to sit up early Frequent changes in position, 
leg exercises, and stimulation of deep breathing with lo per cent carbon dioxide 
are useful in the postoperative period There seems to be a tendency on the 
part of many present-day surgeons to overtreat his patients We prefer to 
tieat complications as, and if, the}'^ arise, and for that reason do not advocate 
such extreme measures as prophylactic femoral vein ligation, and so forth 
The revival of simplicity in surger)'^ is a welcome sign 

Extent of Opetahon A right hemi-colectomy is now the standard proce- 
dure for lesions of the right half of the colon Wide resection with end-to-end 
anastomosis is, likewise, generally accepted for the transverse colon The 
splenic flexure offers special problems In addition to being a greater diag- 
nostic problem, its high and fixed position may present technical difficulties 
Obstruction is not uncommon, and a proximal decompression of some type 
may be necessar}'- 

For the left side of the colon, the closer the lesion approaches the pentoiv il 
reflection, or “clinical recto-sigmoid junction,’ the more vigorous the debate 
becomes as to the proper operation As a result of the centrifugal lymphatic 
drainage described by Miles and Lockhart- Mummery, the older school of 
surgeons used a higher dividing line to make the choice between local resection 
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and the more radical abdommo-penneal operation The more recent studies 
have all emphasized the predominant upward spread from the rectosigmoid 
and most of the rectum Nevertheless, these same investigators (Gabriel,^’^ 
Rankin,'® David'"’®) still strongl}^ advocate the principles propounded by Miles 
It is our opinion that the peritoneal reflection is the lowermost limit for 
abdominal resection m the majority of cases, and for lesions below this line 
we prefer the combined operation Nevertheless, the trend at present is un- 


RcscctabiUty Rate in Each Period 


1933 -Ho 

Operable cases 
Non resectable cases 
J941-I18 

Operable cases 
Non resectable cases 


PER CENT 



Fig 7 — Graphic representation of improvement m resect- 
ability and mortality m the two eight-year periods 


Table I — Types of 

Opciattoiis Perf aimed tn 70 Consecutive 

Cases 

Rectal Cases 25 


1933- 

Cases 

•1941 

Deaths 

1941- 

Cases 

-1948 

Deaths 

Abdommo-penneal 

16 

3 

1 

13 

1 

Post resection 

6 

1 

0 

5 

1 

Removal of polyp 

1 

0 

0 

1 

0 

Non resectable 

2 





Colon Cases 45 






Primary E E anast 

29 

6 

3 

23 

0 

2 stage Mikulicz 

5 

3 

2 

2 

1 

Colotomy (polyp) 

3 

0 

0 

3 

0 

Non resectable 

8 






doubtedly toward anterior resection for lesions extending down into the upper 
portion of the rectum, and the results obtained by Dixon,®” Wangensteen,®® 
Best®^ and others must be given careful attention 

While posterior resection, with excision of coccyx and part of sacrum, is 
done on occasion, we believe its use is strictly limited to a small group of 
aged and feeble patients who do not appear able to withstand a more formidable 
operation, or who show evidence of distant metastases 

■Analysts of Cases A new era began m 1941 with the introduction of 
intestinal antibiotics The lead of Firor and Jonas was quickly followed up on 
our service, and the various sulfonamides have been used ever since For this 
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reason, we have divided this series of cases in two groups from 1941 to 1949, 
and a comparable eight-year period prior to 1941 (Fig 7 and Table I) 
The earlier group includes 17 cases, 13 of which were resected There were 
eight deaths or a mortality of 47 per cent We were able to obtain autopsies 
on all of these, and it was found that six of the deaths were due to peritonitis, 
one resulted from pulmonary embolism and one from a perforated duodenal 
ulcer There are 53 patients in the more recent period, of whom 47 were resect- 
able There were two deaths m this group, or a mortality of 4 2 per cent 
Two of the SIX non-resectable cases died One of the patients died after four 
months from generalized carcinomatosis, and another in one month from a 
pulmonary embolus, one from shock and anuria, and only one from peritonitis 
This last patient was admitted with acute obstruction and, on exploration, a 
perforation was found There is a decided reduction in mortality in the latter 
group Undoubtedly, a number of factors are responsible, but we agree with 
Pemberton”^ that the major one is the assistance given by chemotherapy 

The resectability rate in the earlier period was 75 per cent as compared 
to 89 per cent in the later one The mortality is understandably much 
higher in the non-resectable cases — 50 per cent in the first group and 33 
per cent in the second These patients all had acute intestinal obstruction on 
admission and required immediate operative decompression Nothing further 
could be accomplished for them 

There is nothing remarkable in the age or sex incidence There are more 
females than males — and women also predominate in the younger age groups 
Most of the patients were in the sixth decade The average age of the males 
was 64 years and of the females, 61 5 years Three patients were in their 
eighties and, fortunately, all three survived resection 

Almost three-fourths of the large bowel lesions were located m the sigmoid 
colon, and the remainder equally divided between the ascending and transverse 
colon There were 25 rectal lesions, which is a lower percentage than usual 
(Fig 8) The concentration of colon and rectum tumors in the recto-sigmoid 
region is cogent reason for the continuing debate on the optimum approach to 
such lesions 

Six patients had malignant polyps, two of which were associated with 
carcinomas of the sigmoid colon One patient had multiple polyposis with 
malignant transformation There was one double malignancy of the rectum 
and colon with neoplastic infiltration of a complicating ileo-colic fistula A 
block resection of colon and ileum, end-to-end anastomosis of ileum, and 
abdomino-penneal resection was done on this 70-year-old man and, when 
checked recently, he was well and working 

DISCUSSION 

It has been said that if cancer of the bowel started like a toothache we could 
expect many cures Unfortunate^, malignancies of the intestinal tract have no 
hall-marks for early diagnosis Being suspicious of minor signs or symptoms 
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should make foi earlier i ccognilion befoi e metastasis has occurred Thus, more 
patients ^Ylll be seen who ai e not > et the victims of anemia, toxemia, partial 
obstruction or the othei complications which contubute to the discouraging 
chapter on cancer of the colon and i cctum 

Laige series of studies liaie shown that one-third to one-half of all malig- 
nant lesions of the large bowel and lectiim are within leach of the finger 
(70 per cent of rectal cancels) About thiee-fouiths of all such malignancies 
are w itliiii reach of a lo in pi octoscope A finger or look in the rectum gives 
more information, frequenth , than a thei mometer in the mouth 


8 - 

O = 


MaltgnanctGs of Colon, and Rectum 
Location, of Lesions 

= Malignant lesion 
Associated polyp 
Assoc, mult polyposis 
Polyp 

= Doitblc lesion 


13% 9% 

Ascending 13 j [ 
Transverse 6 13% 9 % 
Descending 11 J 70 / .lo. 
Sigmoid 
R-Gctiun 25 



y V. 


Fir. 8 — Distribution of lesions Note that most occur in region 

of rccto-siginoid 


It is w'ell to recall that the oiieration of Miles was the turning point in the 
successful management of cancer of the gastro-intestinal tract, and it wms only 
after his publications that w e began to think in terms of curability Before 
1907 recurrences were well over go per cent Only the early low neoplasms 
offered any hope at all Mbth improvements m technic, more thorough prep- 
aration of the patient, chemoprophylaxis, blood transfusions and improved 
anesthesia, the operative mortality has been reduced to safer limits with a 
five-year curability of 50 per cent or more An important point in lowering 
the operative mortality of the combined procedure, in our opinion, was recog- 
nition of the fact that it is not necessary to turn the patient on his face for the 
perineal dissection 

It IS obvious that wnde resection wulh restoration of the lumen is the 
operation of choice in the right half of the colon as well as the transverse colon 
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This holds true for the left colon down to the distal sigmoid The closer the 
lesion approaches the peritoneal reflection, the greater the controversy be- 
comes as to the indications for the Miles procedure m its entirety, or whether 
a local resection with immediate anastomosis does not serve an adequate 
purpose The permanent colostomy is still the mam objection offered by 
patients to the radical operation If, however, the patient can be convinced 
that he has a better chance of living with a colostomy than with an incom- 
pletely removed cancer, he will naturally choose the colostomy 

We believe that it is necessary to weigh many factors in making this 
decision Some patients are extremely poor candidates for any type of artificial 
anus, because of age, feebleness, lack of aid, mental make-up, and so forth 
This group should be eliminated for consideration of colostomy, if possible 
It must be realized that high (sacral) implantation of the rectum is no more 
satisfactory than an abdominal colostomy The so-called “posterior resection 
with preservation of sphincter control” has been unsatisfactory, in that a good 
anastomosis is not often possible, and slow healing due to poor blood supply 
and infection is common Some of the more recently suggested “pull-through” 
operations may be successful so far as recovery is concerned, but unless the 
lesion IS very early and limited to the upper half of the rectum, the disruption 
of rectoanal reflexes diminishes sphinctenc continence to the point where it is 
of little practical value (Gaston®^), and such operations cannot be recommended 
We may have been influenced m the past by the statements of the pathol- 
ogists that the lymphatic spread was “upward, outward and downward ” By 
studying those patients who have had recurrences, as well as the recent 
investigations on lymphatic drainage, we are forced to wonder about downward 
spread Consequently, for sigmoid lesions down to the peritoneal reflection we 
feel that anterior resection is justified In the group of patients previously 
mentioned, anterior resection might be extended to lesions located a few inches 
below the peritoneal reflection if complemental proximal colostomy is done 
According to Gray,®^ a patient’s chances for cure, with a lesion of the recto- 
sigmoid, IS diminished by no more than 3 per cent if the abdominal approach 
alone is used, perhaps not at all (Kirklin^®) 

For all other lesions of the rectum, it seems to us, the glands heading 
toward the aortic chain and along the levators should be the principal ones 
for attack With these in mind it seems logical to conclude that the Miles 
operation or its modifications offer a better chance of cure than will less 
extensive excision with restoration of continuity 

The decision as to open or closed anastomosis is not too difficult to make 
Whichever is easier for the operator to perform well should be selected, so 
long as his mortality rate remains in the neighborhood of 5 per cent This rela- 
tively low rate is being achieved by more and more surgeons using either 
method As emphasized by Rives,®® it is more the manner of execution that 
counts rather than the method If the morbidity and mortality can be further 
reduced appreciably by staged operations, then this plan, of course, should be 
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adopted Otherwise, it seems that the advantages of primary resection and 
anastomosis far outweigh those of multiple procedures, except in the com- 
plicated case 

The use of complemental decompression can also lie gauged by compara- 
tive morbidity and mortality studies There is no question that long tube 
decompression, as well as increased knowledge of the physiology of peristalsis, 
have lessened the advantages of operative decompression However, unless its 
disadvantages become more obvious we shall continue to use this measure 

The results obtained in carcinoma of the colon and rectum have kept gen- 
eral pace with the advances in surgical technic and knowledge Nevertheless, 
we must not allow ourselves to become self-satisfied or complacent The last 
word in treatment of patients with intestinal cancer is far from written, as 
witness the fact that many abandoned or maligned procedures find new appli- 
cations with increased knowledge It is doubtful whether any really new 
procedure can be devised We should study diligently the lessons of the past 
and correlate them with present advances in the all-out effort to achieve fur- 
ther improvements for the unfortunate cancer victim 
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THE USES OF PLASTIC TUBES IN THE REPARATIVE SURGERY 
OF BATTLE INJURIES TO ARTERIES WITH AND WITHOUT 
INTRA-ARTERIAL HEPARIN ADMINISTRATION* 

Thomas J Donovan, M D 

FROM THE NAVAL MEDICAL RESEARCH INSTITUTE BETHESDA MARYLAND 

BACKGROHND 

Debakey AND SiMEONE HI an excellent review article^ point out that 68 6 
per cent of over 3000 amputations performed m two theaters of operation in 
World War II were necessitated by tissue loss alone, 19 5 per cent were due 
to arterial injuries pet se, and ii 9 per cent were caused by gas gangrene and 
other infections They indicate that the tremendous amount of tissue destruc- 
tion caused by the speed and multiplicity of modern war missiles and the time 
lag between injury and treatment decide the fate of the majority of limbs 
before reparative surgery can be undertaken It is possible, however, that in 
the event of another war the increasing number of civilian casualties from air 
raids may reduce this interval between injury and treatment Furthermore, 
the enormous tissue destruction and loss of collateral circulation show clearly 
that the only hope for avoiding gangrene with these injuries lies in maintaining 
patency of the mam artery to the limb — at least until post-traumatic edema 
subsides and collateral circulation becomes re-established 

The best methods for repairing these arteries are unfortunately imprac- 
tical under battle conditions The suture technics of Carrel and Guthrie will 
not bridge the gaps left by the loss of arterial substance The technic of 
Blakemore^ using venous-lined vitalhum tubes preserves the principle of 
mtima-to-mtima coaptation, but is usually too time-consuming and complex 
for use under battle conditions by the average military surgeon A simple 
reparative technic using Incite tubes was introduced toward the end of the 
last war The method was not properly evaluated because of the unfavorable 
conditions during battle for making follow up observations and controlling the 
important variables This investigation was undertaken to determine how 
well plastic tubes bridge gaps m arteries and the reasons for their relative 
success or failure The ideal reparative technic for arteries ablated m battle 
should be simple, avoid thrombosis effectively, and use materials well tolerated 
m tissues 

Lucite, a methyl methacrylate polymer, has been shown to be relatively 
well tolerated m animal and human tissues ^Polyethylene,! another synthetic 
plastic IS made by polymerizing ethylene under heat and pressure to hydro- 

* The opinions or assertions contained herein are the private ones of the writer and 
are not to be construed as official or reflecting the views of the Navy Department or the 
naval service at large Submitted fey publication January, 1949 

t The polyethylene tubing used in these studies was of formulation PHF, purchased 
from Surprenant Mfg Co, 199 Washington Street, Boston, Mass 
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caibon chains somewhat longer than those of paraflfin In addition to its 
chemical similaiity to paiafhn, polyethylene has the advantage of being flexible 
without plasticizeis and in this lespect is moie suitable foi leplacing segments 
of aiteiies near joints 


Table I 

— The Coagulation Time (Minutes) of Blood in 

Contact with Various Surfaces 

Senes 

Poly- 

ethylene 

Lucite 

Glass 

Parafitn 

Collo 

dion 

No of 
Com- 
parisons 

End Point 

Diam of 
Tubes 
(mm ) 

Blood 

Used 

Authors 

11 5 

— 

5 3 

12 4 

12 5 

30 

Earliest sign 
of clotting 

5 

Canine 

Hirschboeck — 

13 9 

6 2 

18 3 


10 

Complete 

clotting 

10 

Human 


Ingraham, ef al^ have reported that pure polyethylene caused minimal 
foreign body reaction and gliosis when implanted in the ceiebral cortex of 
animals They stressed the importance of using pure polyethylene, however, 
because any tiaces of the antioxidants or plasticizers used commercially to 
enhance its insulating or flexible properties have incited marked fibrosis and 
foieign body reaction To establish the purity of the polyethylene used and 
to study its reaction in tissues, small pieces of polyethylene and lucite were 
inserted subcutaneously in the backs of 3 *^ outset of this study 

The animals were saciificed at intervals postoperatively and the tissues sui- 
rounding the plastic studied histologically Figure 1 shows that the tissue 
leaction at thiee months to ptiie polyethylene resembles that caused by the 
relatively well-tolerated lucite 

Clotting times were then performed under conti oiled conditions in glass 
and polyethylene tubes and in glass tubes lined with paraffin and collodion 
The 111 viti 0 capacity of polyethylene for delaying coagulation is similar to 
that of lucite (Table I), being about twice that of glass and nearly as great 
as paraffin and collodion ^ Surface tension studies (Table II) indicate that 


Table ll—The Values (Gm/cm) jot the Adhesive Voice Between Water and the 
Sm faces of Polyethylene and Glass These Figures Are Compared with Iltnchboeck’s 
Values for Glass, Lucite, Paraffin and Collodion^ and the Established Value for Glasr « 


Senes Polyethylene 

Authors +0 034 

Hirschboeck ' 

Harkms and Brown 


Lucite 


+0 038 


Glass 


+0 073 
+0 033 
+0 0736 


Paraflin 


Collodion 


-0 037 


+0 034' 


polyethylene, like Incite, follows Lampert’s rule that the capacity of a siirfnce 
for delaying coagulation is inversely proportional to its "ivettability ”<-t 
W ith this background polyethylene tubes .weie Hist tesletl by bntlem„ 
m the aorta of dogs with a technic similar to that of Hufegel, who rSd 
permanent anastomosis of the thoracic aorta of dogs late t 
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Fig I — The tissue reaction to polyethlene (A) and lucite (B) three months 
after subcutaneous insertion into rats The fibrous capsule surrounds the space from 
which the plastics were removed during fixation The width of each piece of plastic 
represented by the diameter of the capsule was about 2 mm while the length 
approximated i cm 

FiC' 2 — Roentgen ray of the thoracic aorta 12 months after anastomosis with a 
polyethylene tube of 5 mm 1 d Arrows indicate the ends of the tube 

Fit* 3 — ^The aorta and tube of the animal in Figure 2, showing the tissue prolif- 
eration bridging over the vulnerable tube-vessel junction, thus inhibiting thrombosis 
Fig 4 — An aorta and tube partially thrombosed nine months postoperatively 
5 — A completely thrombosed aortic intubation in a dog sacrificed six 
months postoperatively Both ends of the clot are almost completely covered with 
endothelium 
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Number 'I® ^SE OF PLASTIC TUBES IN REPARATIVE SURGERY 

I. Aortic Intubations 

MATERIALS AND METHODS 

Desotptwn oj the polyethylene tubes Stock polyethylene tubing of 5 5 
and 7 5 mm 1 d was divided into lengths of 4 to 4 5 cm and turned to a wall 
thickness of about i mm The internal diameters were chosen to stimulate the 
size of the human femoral artery Holding ridges of i mm width and height 
M ere left about 5 mm from each end of the tube The ends of the tube were 
turned almost to knife-edge thinness and then flared by slowly inserting a 
smooth metal die heated to the softening temperature of the polyethylene If 
any flaw was found on any pait of the tube, it was discarded The tubes weie 
^ sterilized 111 70 per cent alcohol or i to 1000 zephiran for 18 hours prior to 
opeiation 

Ope} at we technic The animals uere preniedicated with 025 gram of 
morphine, 001 grain of atropine and anesthetized with 6 per cent nembutal 
(i cc per 5 pounds body weight) Supplementary doses of nembutal were 
gnen later as needed through a plastic tube mtioduced into the vein of the 
front leg after the method of Zimmermann ^ Positive pressure oxygen was 
given during the operation through an intiatiacheal tube of Koroseal by a 
mechanical respiiatoi 

The seventh nb was lesected and the pleuial cavity entered through its 
bed Five pairs of intercostal aiteiies weie ligated and divided to make 
patency of the anastomosis more ciitical to the animal's suivival Division of 
these intercostal aiteries piobably eliniinated the intercostal-to-intercostal 
collateral loutes and impeded the subscapiilar-intercostal and internal mam- 
mary-intei costal anastomoses It did not, howevei , interfere with the internal 
mammar3'-inferior epigastiic pathways of collaterial circulation The aorta 
ivas then fieed fiom the thoiacic duct and vagus nerve and the Gross aortic 
clamps applied for hemostasis The aorta w^as then divided or a shoit seg- 
ment excised and the Hufnagel aorta spreader introduced distally to facilitate 
the atraumatic insertion of the polyethylene tube The limited excision was 
done in this study in an effort to i educe the strain on the ligatures and avoid 
subsequent aortic ruptuie fiom this cause The tube "was ligated in place 
with large braids of No 2 silk strands, as suggested by Hufnagel,® to give 
multiple point fixation of the aortic wall and prevent its necrosis and rupture 
The ligature behind the holding i idge was applied tightly while the one nearest 
the flare was tied more lightly The tube and vessel were irrigated with 
saline and the proximal end inserted and ligated in a similar manner The 
distal clamp was then removed and the proximal clamp released gradually 
while the animal was placed in a moderate Trendelenburg position This 
obviated the hypotensive effect of splanchnic pooling so that usually only 
slight tachycardia was noted on release of the clamps The period of aortic 
occlusion rarely exceeded ten minutes and no paraplegia from this cause 
occurred The aorta was repleuralized and the chest closed with chromic 
pencostal and interrupted cotton sutures 
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Penicillin in saline solution (500 units/cc ) was used to irrigate the pleura 
periodically during the operation and penicillin m oil was given intramus- 
cularly for several days postoperatively No heparin or othei anticoagulants 
were given at any time to these animals 

PostopeJ ative ohsei-vaUons The anastomoses were studied postoperatively 
by observations on the oscillations * strength, and warmth of the hind quarters 
Absence of paraplegia is good evidence of patency during the immediate post- 
operative period Later in the postoperative course the development of 
collateral circulation makes this a less reliable sign At about three months 
postoperatively, roentgenograms of the aorta were taken using thorotrast or 70 
per cent diodrast intravenously and repeated just prior to sacrifice from 6 to 12 
months postoperatively, when pathologic studies were made 

RESTTLTS 

A Initial gioup In the initial group of 14 aortic anastomoses, six dogs 
died on an average of ten days postoperatively from aortic rupture associated 
with clotting in the polyethylene tube In four of the six aortic ruptures the 
tubes were too large, causing intimal trauma at the time of insertion and 
subsequent pressure necrosis of the aortic wall Three animals developed 
thrombosis and paraplegia and were sacrificed Some of the thromboses in 
this initial group were due to intimal damage during insertion and/or rough- 
ness and asymmetry of the tube The anastomoses m two animals, one weigh- 
ing 9 Kg with a tube of 5 5 mm 1 d and a 21 Kg dog with a tube of 7 5 
mm 1 d , remained open permanently These animals were sacrificed 12 and 
nine months postoperatively 

B Second senes Table III shows the results of a series of anastomoses 
with tubes of 7 5 mm 1 d without the above-mentioned technical flaws Two 
of the nine anastomoses remained permanently functional Three of the 
fatalities were from hemorrhage and three from mesenteric embolism, two of 
the latter following large doses of intravenous thorotrast The average length 
of survival in the fatal anastomoses was 51 days 

Pleural adhesions of varying density were found m all the animals 
autopsied more than three months postoperatively Repleuralization of the 
tube and aorta did not completely prevent the adherence of pleura to the 
tube and adjacent tissues The ends of the aorta, separated by the tube, were 
united m a few weeks by a neomembrane composed largely of fibrous tissue 
completely enveloping the tube The chromic pericostal sutures and the intra- 
pleural penicillin could not be incriminated in the fibrotic reaction, since the 

* Oscillometry was recorded as 4 plus, maximal , 3 plus, moderate , 2 plus, decreased , 
I plus, minimal, and o, absent From 2 to 4 plus is considered normal range while I plus 
or o usually means decreased blood flow to the limb from thrombosis, embolism, or other 
causes Oscillometric studies are valuable as corroborative data when trends and not 
individual observations are considered, but they do not compare with angiography for 
accuracy and amount of information given 
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animals autopsied up to thiee weeks postopeiatively weie free of adhesions 
and widespread inflammatoiy reactions In none of these animals was there 
any evidence of pleuial sepsis 

C Pc! mane Jit mhthaiwns Of the foui peimanent intubations, one was 
completely fiee of clots, two weie paitially thiombosed and one was com- 
pletely thrombosed Figure 2 shows a roentgenogram of the completely 
patent anastomosis 12 months postoperatively Oscillations remained normal 
throughout the postoperative course Figure 3 shows the appearance of 
the tube and aorta at the time of saciifice The tissue piolifeiation (connec- 
tive tissue lined with endothelium) characteristic of the permanent intuba- 
tions can be seen at both ends of the tube budging over the vulnerable 
tube-vessel junctions, thus inhibiting thiombosis 


Table III 

— Results of Anastomoses of the Thotacic Aoiia tn Dogs with Polyethylene 

T ubes 

No 

Weight 
in Kg 

Time of 
Survi% al 

Cause of Death 

Condition of Tube 

Comment 

1 

IS 

8 months 

Sacrificed 

Small clot in tube 

Roentgen ray show ed pa 
tency 

i 

18 

18 days 

Mesenteric embolism 

Partial thrombosis at dis 
tal tube vessel junction 


3 

18 

3 months 

Mesenteric embolism 

Small clots at tube vessel 
junctions 

Oscillations 'disappeared 
after 40 cc thorotrast and 
returned after embolus 

4 

16 

4 hours 

Massn c hemothorax 

1 ibrin deposition m tube 
and at proximal tube ves 
sel junction 


5 

21 

4 months 

Mesenteric embolism 

Partial thrombosis at prox- 
imal tube vessel junction 

Embolism followed 40 cc 
thorotrast and recurred 

6 

21 

11 dajs 

Aortic ancurjsm 
with leakage 

Small clots at tube vessel 
junctions 


7 

21 

4 da>s 

Thrombosis of tube 

Complete thrombosis of 
proximal end of tube 


8 

19 

6 months 

Sacrificed 

Complete thrombosis of 
long duration 

Marked collateral circu- 
lation by roentgen ray 

9 

21 

4 months 

Massive hemothorax 

Complete thrombosis of 
recent origin 

Aortic rupture high above 
tube, marked cardiac hy 
pertrophy 


The two permanent intubations uith small intialuminal clots had one to 
two plus oscillations dunng most of then postopciative course The tubes 
in the aortograms were less clearly defined, also indicating partial thrombosis 
Figure 4 shows one of these partially thrombosed tubes at autopsy 

Roentgen ray studies of the animal with complete thrombosis of the tube 
showed the complete blockage and maiked dilatation of the collateral channels 
The internal mammary arteries, greatly enlai ged and tortuous, anastomosed 
with equally large inferior epigastiic arteries, but no notching of the ribs was 
apparent The subscapular arteries were also moderatel}' expanded, but the 
lowermost intercostals were not MSible Oscillations were moderate the 
first month in this animal, slight during the second month and absent there- 
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after despite normal function of the hind legs Figure 5 shows this tube and 
aorta at the time ot sacrifice 


COMMENT 

Hufnagel’s five permanent anastomoses of the aorta with Incite tubes in a 
series of 15 intubations were notable for the complete absence of clot forma- 
' tion Nine of the ten fatal intubations were also free of clots ® These results 
contrast sharply with the prevalence of clotting m this study of polyethylene 
and suggest that Incite tubes are superior to those of polyethylene in respect 
to the avoidance of thrombosis The larger sizes of the Incite tubes and aortas, 
however, must be considered as contributing to the superior results The 
significance of this size factor will be discussed in the next section dealing 
with intubations of the femoral artery 



II Intubations of the Femoral Artery 

MATERIALS AND METHODS 


Desaiphon of the polyethylene tubes Polyethylene tubing of 2 7 mm 1 d 
and 3 5 mm 0 d was cut into lengths of 2 to 2 3 cm The ends were flared 
with a hot die Holding ridges were placed around the tubes by applying 
melted polyethylene about 3 mm from each end of the tube Some of these 
tubes were soaked in heparin (sodium heparin, Lederle, 10 mg per cc ) for 
one month before operation This was done because surface tension studies 
with polyethylene tubing indicated that the polyethylene absorbed water over 
a period of days and therefore might absorb aqueous heparin ^ Other tubes 
were lined with silicone film,* which inhibits blood coagulation, by filling their 
lumina with silicone and silicone diluted with toluene to concentrations of 
i/ioo and 1/200 The toluene was baked off and the tubes rinsed for several 
hours in distilled water 

Descnphon of the Incite tubes Lucite tubes, 2 to 2 3 cm long, were turned 
from stock tubing of 3 mm 1 d with ridges about 3 mm from each end The 
ends were flared with a warm die, making them similar in shape to the poly- 
ethylene tubes but slightly larger in internal diameter At no time was the 
inner surface of the tubes scratched or handled roughly All tubes were care- 
fully inspected for flaws and discarded if any irregularity or asymmetry was 
found 

Opeiatwe technic The femoral artery was exposed from just below the 
groin to just above the knee The long saphenous artery, which arises medially 
from the femoral artery about 5 cm below the inguinal ligament, was freed 
and its branches divided A polyethylene side tube about 60 cm long, i mm 

0 d and o 4 mm 1 d , was threaded into the long saphenous artery for about 

1 cm and held in place \\ ith four cotton ligatures The other end of this tube 

* The silicone was General Electric’s Dri Film 9987 usually used on glass surfaces 
The silicone for plastic surfaces was not available 
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was led with a long flexible needle subcutaneously and dorsally through the 
skin of the costo^ ertebral area, a location inaccessible to the animars teeth 
Through this tube 35 per cent diodrast was injected at 24-hour intervals post- 
operatively and the distal femoral artery visualized b)'’ arteriography (Fig 
6) A stylet was placed in the end of the tube between injections to prevent 
retrograde bleeding and clotting in this side tube 

The branches of the femoral arterj'’ were ligated and divided from above 
this long saphenous artery to the bifurcation of the femoral into anterior tibial 
and popliteal arteries Bull dog clamps were applied, the femoral artery 
divided, and the adventitia retracted from the cut ends of the vessel After 
the ends of the artery were irrigated with saline the plastic tube was inserted, 
using a new instrument designed to retract the arterial walls The tube was 




t 




1 


Fig 6 — A pob’^ethylene tube bridging a gap in the 
femoral artery of a dog two days postoperatively Arrows - 
mark the ends of the tube (note increased capacity) and 
X, indicates the small polyethylene side tube in a branch 
of the femoral artery proximal to the anastomosis 



ligated in place with No 20 cotton ligatures on each side of the holding ridges 
and the adventitia replaced over the ends of the tube 

The instrument used to retract the vessel walls was constructed by attach- 
ing semicircular steel rockers to the tips of an outside caliper by means of a 
steel pivot (Fig 7) Four barbless hooks were connected by silk suture mate- 
rial to the ends of the rockers By adjusting the screwlock on the caliper, 
vessels of various sizes could be spread in the form of a square larger than 
their internal diameter (Fig 7) This instrument has facilitated the insertion 
of these artificial tubes and minimized intimal damage during insertion, thus 
obviating subsequent thrombosis from this cause 

In two animals with otherwise identical technic the ends of the divided 
artery were ligated In one animal circular ligatures were used and m the 
other the Poppen type of suture ligature was employed, which invaginates the 
arterial wall and apposes the intinia 
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Fig 7 — Diagram showing vessel spreader 
Lower portion represents a four-inch caliper 
with screw-lock and spring At the upper ends 
are the rockers attached with steel pivots Four 
silk threads are shown leading to the hooks 
which retract the vessel walls 


Intima coaptation technics 
were also studied, e g , suture 
anastomosis and polyethylene 
tubes lined with veins after the 
method of Blakemore, et al ^ 
(Fig 8) 

Postoperative observations 
These anastomoses were studied 
postoperatively by daily arterio- 
grams as described previously In 
addition, observations on the os- 
cillations, strength, and warmth 
of the extremities were made 
three times daily and the artery 
examined under anesthesia just 
prior to sacrifice 

RESULTS 

A Anastomoses with plastic 
tubes 

Duration oj patency Table IV 
shows a summary of the results m 
typical series of polyethylene and 
lucite intubations of the femoral 


Table IV — Results of Anastomoses of Femoral Arteries of Dogs with Polyethylene and 

Lucite Tubes 






Roentgen Ray Study of Course 

Duration 

Dog 

Weight 



m 

Hours 

of Patency 

No 

JmKg 

Artery 

Tube 

Patent 

Thrombosed 

in Days 

1 

28 

Right 

Polyethylene 

48 

72 

2 



Left 

Polyethylene 

48 

60 

2 

2 

29 

Right 

Polyethylene 

48 

72 

2 



Left 

Polyethylene 

72 

80 

3 

3 

23 

Right 

Polyethylene 

10 

24 

K 



Left 

Polyethylene 

10 

24 


4 

33 

Right 

Polyethylene 

48 

72 

2 



Left 

Polyethylene 

48 

72 

2 


Average 





Average 


28 





1 8 

1 

42 

Right 

Lucite 

96 

Dog sacrificed* 

4 



Left 

Lucite 

24 

48 

1 

2 

35 

Right 

Lucite 

72 

96 

3 



Left 

Lucite 

120 

Dog sacrificed* 

5 

3 

28 

Right 

Lucite 

96 

120 

4 



Left 

Lucite 

48 

72 

2 

4 

35 

Right 

Lucite 

72 

96 

3 



Left 

Lucite 

72 

96 

3 


Average 





Av erage 


35 





13 


* Dogs sacrificed to establish patency as leakage from side tube prevented roentgen ray visualization 
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artery Six out of eight anastomoses with polyethylene tubes were open on the 
second day on roentgen ray study with an average duration of patency of 
rshghtly less than two days The Incite tubes showed an average duration of 
patency of slightly over three days with six out of eight intubations open on the 
third day The average period of patency of the six anastomoses using silicone- 
hned tubes or the four heparin-soaked tubes was not longer than with the 
untreated polyethylene tubes Figure 6 shows a polyethylene tube in dog 
No 4 on the second postoperative day 

Clot formation Figures 9, 10 and ii show the development of collateral 
circulation following thrombosis of the Incite tubes in dog No 7 These 



Fig 8 — Three technics for reconstructing vessels A Plastic tube 
anastomosis Note polyethylene side tube m a branch of the femoral 
artery B Venous-hned tubes, reproduced from Blakemore 2 C Suture 
anastomosis redrawn from Gross and Hufnagel 


roentgen ray films are typical of others showing the same process occurring 
with polyethylene intubations Following thrombosis the oscillations dropped 
to I plus or zero, but the hind legs never felt significantly cooler than the 
front legs Emboli were seen in several roentgenograms, partially or wholly 
blocking the flow in the femoral, anterior tibial, or popliteal arteries (Fig 9) 
In some instances their origin could be traced to the tube anastomosis by serial 
films No appreciable difference was noted in the process of clot formation 
and extension or the development of collateral circulation in these sihconed, 
heparin-soaked and untreated polyethylene tubes 

y Reaction to the Incite and polyethylene tubes The adjacent tissues adhered 
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Fw 9 — A lucite tube in the femoral artery on the 
fourth postoperative day The arrows indicate the e\tent 
of the tube (A) Demonstrates the clot almost completely 
occluding tire distal end of the tube (B) Shows an em- 
bolus at the bifurcation of the femoral arterj completely 
blocking the anterior tibial artery and protruding into the 
popliteal artery (C) Another small embolus in the pop- 
liteal artery (D) Shows the narrowing of the femoral 
artery pro'wimal to the tube and the development of collat- 
eral circulation which follows thrombosis of these tubes 
Fig io — ^The lucite tube in Figure 9, 24 hours later 
showing complete thrombosis and further development of 
collateral circulation 

Fig II — The other leg of the animal in Figures 9 
and IO showing the collateral circulation 48 hours after 
complete thrombosis of the tube 
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to and enveloped the plastic tubes in a fibrous sheath of slight to moderate 
thickness u ith no discernible dilterence between the two plastics used 

B Arterial ligations 

With the same operative destruction of collateral circulation as in the 
intubation technics, the two animals \\ ith femoral artery ligation had cold legs 
for about 24 hours and negative oscillations for about two weeks After the 
24-hour period following operation the collateral circulation developed as with 
the arterial intubations Propagation of clots in the first fe^\ postoperative 
days was negligible with both ligation and intubation technics, but with the 
passage of weeks propagation from the tube thrombi seemed to be somewhat 
greater than following either type of arterial ligation 

C Intima coaptation technics 

Examination of a suture anastomosis of the femoral artery at the end of a 
week showed complete patenc}^ with no fibrin deposition or clotting and the 
beginning of intima-to-mtima union In an anastomosis using venous-lmed 
polyethylene tubes, roentgenograms showed patency at the end of a week At 
the end of three weeks the tube was free of clots and the union between venous 
and arterial intima was complete Reaction to the polyethylene tube, however, 
had thickened the venous v all and nearly occluded the lumen at the proximal 
tube-vessel junction 


DISCUSSION 

The fact that some aortic intubations remain patent permanently whereas 
’ all femoral intubations clot about the third day may be explained in several 
ways The pattern of blood flow m the aorta depends among other things upon 
the diameter of the vessel and the velocity of flow Both of these factors vary 
in systole and diastole The density and absolute viscosity of the blood, which 
also influence flow patterns, may or may not be constant In spite of these 
variables, numerical values have been substituted in the formula for the Rey- 
nold’s number " The figure obtained for the Reynold’s number during systole 
in the thoracic aorta of dogs is well above 2000, the critical level where laminar 
or viscous flow becomes turbulent in smooth pipes The iriegularity at the 
tube-vessel junctions further predisposes to turbulence Assuming that 
the values are correct, the significance of this higher velocity and possible tur- 
bulence m the aorta, as opposed to the femoral artery and smaller vessels, lies 
in the concomitant increase in the erosive power of the blood stream on freshly 
formed clots, since the shearing stress between circulating blood and vessel 
wall varies with the velocity and is much greater for turbulent than for laminar 
flow Another of the possible explanations is that the large ^ olume flow in 

- The Reynold’s number equals the velocity of flow multiplied by the diameter of the 
vessel and divided by the kinematic viscosity of the circulating fluid Kinematic viscosity 
equals the absolute viscosity divided by the density of the fluid 

7 The fact that the shearing stress also varies inversely with the diameter of tlie 
vessel IS of less importance m this range of velocities and Reynold’s numbers 
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the aorta may dilute or remove more effectively the locally liberated substances 
which promote clotting 

These considerations may explain the embolic phenomena observed fre- 
quently following the aortic anastomoses with polyethylene tubes as well as 
the capacity of these anastomoses for remaining open permanently They also 
emphasize the important influence of the vessel size on the duration of patency 
of an anastomosis and qualify the apparent superiority of the larger lucite tubes 
over the smaller polyethylene tubes in the aortic and arterial anastomoses In 
addition, these concepts modify the predictions of efficacy of these femoral 
intubations in the larger arteries of humans This does not mean, however, 
that the results m the aortas of dogs can be extrapolated to the similar sized 
femoral arteries of man, since the pressure gradients (and hence velocities) are 
different in central and peripheral vessels 

Besides the arterial size, other technical factors which influence the dura- 
tion of patency are (i) The inner smoothness, over-all symmetry, and 
suitable size of the tube, ( 2 ) the intrinsic capacity of the tube for repelling 
water and delaying coagulation and (3) the amount of trauma to the arterial 
intima during insertion 

Although fatal hemothorax was a common complication in the aortic intu- 
bations, secondary hemorrhage following intubations of the femoral artery was 
a rare complication and usually due to tubes excessively large for the artery 
under repair The greater retraction of the elastic tissue m the wall of the 
aorta and the higher pressures m the upper aorta (especially with a thrombus 
occluding the tube) probably increased the strain on the ligatures and con- 
tributed to the aortic ruptures 

Although the plastic tubes in the femoral arteries were thrombosed after 
two days, their gradual occlusion stimulated collateral circulation and avoided 
/ the temporary period of acute ischemia which followed arterial ligation The 
marked stimulus to collateral circulation of the tube anastomoses was also 
demonstrated by the animal with an aortic anastomosis which maintained 
blood supply to the abdominal aorta sufficient to sustain normal function 
despite complete thrombosis of the tube and extensive operative destruction 
of collateral circulation 

The greatly prolonged durations of patency of the suture anastomosis and 
venous-lined pol)'^ethylene tubes show the superiority of these methods over the 
plastic tube anastomoses with respect to avoidance of thrombosis Experienced 
vascular surgeons can obtain about 50 per cent permanent patencies with 
suture anastomoses of the dog’s femoral artery Blakemore has reported that 
his nonsuture method using venous-lined vitalhum tubes is 85 per cent suc- 
cessful in day-old contaminated wounds in dogs, as compared with 40 per cent 
patency following suture anastomosis under these conditions ^ 

These facts plus the high percentage of thromboses which followed the 
Blakemore reparative technic in arterial injuries of the last war point up the 
difference between the results of intubations done under the ideal circumstances 
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of the experimental laboratory and those done under battle conditions In 
battle injuries to arteries repaired with plastic tubes, assurance of patency of 
the anastomoses beyond the period of post-traumatic edema would seem, from 
these considerations, to require supplementary anticoagulant therapy 

III. Intra-Arterial Heparin Administration 

MATERIALS AND METHODS 

DesatpUon oj the tubes The polyethylene tubes and the intubations of the 
femoral arteries were the same as described in the preceding section 

Hepmvuization Intra-arterial heparin was infused proximal to the anas- 
tomosis by the same route that 35 per cent diodrast was injected for the arterio- 
grams described previously, i e , through a subcutaneous polyethylene side tube 
from the skin of the costovertebral area to the lumen of the long saphenous 
artery (Fig 6) Sodium heparin, Lederle, (o 25 mg per Kg of body weight 
in 10 cc of saline) was given shortly after operation into the left femoral artery 
and repeated every two hours, m some animals every three hours, day and 
night The right side tube was used only for postoperative arteriograms 
Unlike human beings with arterial injuries, dogs continually move about fol- 
lowing operation, and unless the side tube has a relatively thick wall, it will 
kink and leak after a few days of heparin administration The side tubes m 
this preliminary study of intra-arterial heparinization were too thin, and m 
most instances subcutaneous leakage of heparin necessitated cessation of 
therapy about the fifth day A thicker side tube is now being used (04 mm 
1 d and l o mm o d ) which is attached to the main tube in a manner that 
eliminates the necessity of intubating a branch of the femoral artery, thereby 
simplifying the operative technic and sparing another artery for collateral 
circulation 

Postopeiahve obsetvations The follow-up observations were made with 
oscillometry and periodic arteriograms in the manner described previously 
The anastomosis of the uninjected artery reflected the systemic effect of the 
mtra-arterial heparin administration and the irrigated intubation showed the 
combined local and systemic effect of the heparin By contrasting the results 
m the two femoral intubations, the local effect of heparin could be evaluated 
m a series of animals 

Since dogs as well as human beings vary in their responses to a given dose 
of heparin, coagulation times were done preoperatively and at intervals post- 
operatively to evaluate the daily heparin effects in these animals Investigators 
in this field have been impressed with the inadequacies of coagulation times in 
evaluating the effect of heparin Control clotting times vary widely even in 
the same animal from time to time One of the factors responsible is the vary- 
ing amount of trauma incident on transferring blood from the animal’s vein to 
the tube Another factor is the ambiguous nature of most endpoints In addi- 
tion, the actual fluidity and coagulability of the blood probably varies normally 
from time to time according to the relative concentrations of heparin and 
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thromboplastin (and other clotting substances) in the circulating blood 
The concentration of heparin cofactor m the plasma may also vary and thus 
alter the response to a given dosage of heparin -- 

An attempt was made to control the first factor by letting the blood flow 
freely through a No 20 B-D needle with exclusion of air into the clean syringe 
lined with liquid petrolatum after uniformly direct venepunctures The sample 
was then transferred carefully to a glass tube of 5 mm i d , bent m the form 
of a semicircle of 6 cm radius This tube was moved uniformly at definite 
intervals until complete clotting occurred In an attempt to make the end- 
points more precise the times of the earliest definite fibrin precipitation and 
the complete immobility of the blood m the tube were measured by stop watch 



Fig 12 — The response of the venous clotting time to the intra- 
arterial injettion of 4 mg of sodium heparin in 10 cc of saline in a 
16 Xg dog 


and these two durations averaged to determine the clotting tune for each 
sample Since it has been repeatedly emphasized that both phases of coag- 
ulation are proportional in length, the average of the duration of the first 
phase (prothrombin conversion to thrombin) and the duration of the first 
plus the second phase (fibrinogen conversion to fibrin) should give a more 
reproducible value for the coagulability of each sample 

RESULTS 

The above procedures have been done on eight dogs Only two will be 
reported here because technical difficulties made the results in the other ani- 
mals hard to interpret, although the general pattern of reactions was similar 
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USE OF PLASTIC TUBES IN REPARATIVE SURGERY 

Dog 1 (16 Kg) Four mg of sodium heparin was given in 10 cc of saline into the 
left artery every two hours for 120 hours, until subcutaneous leakage necessitated cessa- 
tion of therapy Four of the 60 doses scheduled were omitted, leaving a total of 216 mg 
of sodium heparin m 540 cc of saline given during this period Figure I2 shows the 
marked prolongation of coagulation time caused by 0 25 mg heparm/Kg of body weight 
on the first day This response became less marked during the next four days 

The left or heparinized artery was 
patent on the fourth postoperative day 
(Fig 13) The right or control artery 
was open by arteriography on the third 
day but thrombosed on the fourth post- 
operative day The right or control ar- 
tery exceeded the average duration of 
patency in polyethylene intubations of 
the femoral artery by about 24 hours 
The left or heparinized artery exceeded 
the average duration of patency by at 
least 48 hours 

Dog 2 {24 Kg ) Six mg of sodium 
heparin was given in 10 cc of saline into 
the left artery every three hours for 114 
hours until leakage from the side tube 
prevented further therapy These 38 in- 
jections totaled 228 mg of heparin in 
380 cc of sahne The clotting time re- 
sponse to this 0 25 mg of heparin per 
Kg of body weight was slight (not more 
than double the control level) through- 
out the period of heparinization 

The left or heparinized artery was 
patent on the fourth postoperative day 
(Fig 14) Oscillations remained about 
2 plus until the seventh postoperative 
day The right or control anastomosis 
was patent by roentgen ray on the second 
day and thrombosed on the third postop- 
erative day The right or control artery 
had the same duration of patency as the 
average of polyethylene intubations in 
unhepannized animals The left or 
heparinized anastomosis exceeded this 
average duration of patency by at least 
48 hours and possibly by 96 hours 

DISCUSSION 

Intravenous anticoagulants are 
often contraindicated in war 
wounds, since the latter are fre- 
quentl)^ multiple and complicated 




Fig 13 — The roentgen-ray of the heparin- 
ized artery of the animal in Figure 12 on the 
fourth postoperative day Arrows indicate the 
ends of the polyethylene tube and X, a leak in 
the side tube which prevented further intra- 
arterial heparin administration on the fifth 
postoperative day 

Fig 14 — An arteriogram of the heparin- 
ized femoral artery on the fourth postoperative 
day Arrows indicate the ends of the polyethy- 
lene tube and X, a leak in the side^tube which 
prevented further intra-arterial h^iarinization 
, 1,1, ^ postoperative day 

by latent visceral bleeding Further- 
more, the administration and control of anticoagulants are often imprac- 

1039 



THOMAS J DONOVAN 


AfinaU Surgetj 
December 1 9 4 


tical under battle conditions It occurred to the author that heparin might 
be given intra-arterially proximal to the anastomosis with constant or 
intermittent infusions in concentrations which would prove effective locally 
and yet not raise the general clotting time to a dangerous level Heparin was 
chosen for intra-arterial use, because it is a potent, physiologic anticoagulant 
which acts instantly in a physicochemical manner It is also rapidly inacti- 
vated by nontoxic protamine sulfate given intravenously 

Although these investigations are still in progress, using a different method 
of intra-arterial heparin administration, two cases have been presented since 
they represent the general pattern of the results to date 

Although the clotting time responses to intra- arterial heparin injections in 
dog No I became less marked with each succeeding postoperative day, the 
control artery seems to have obtained some systemic heparin effect, since it 
exceeded the average duration of patency by about 24 hours The left or 
heparinized side remained patent even longer and appears to have had an 
added local effect 

I A lack of systemic heparin effect is indicated by the clotting time studies in 
fdog No 2, which received the same o 25 mg of heparin per Kg of body weight 
every three hours instead of every two hours as m dog No i This lack of 
general effect is further evinced by the thrombosis of the uninjected artery in 
the usual length of time A significant local effect is suggested by the greatly 
prolonged patency of the left or heparinized anastomosis 

These two examples suggest a definite local action of the intra-a/terial 
heparin in doses not generally effective or dangerous Although these are 
typical of other results, the statistical proof of this idea awaits further investi- 
gation Furthermore, the mechanical effect of local irrigation must be ruled 
out by injecting similar amounts of saline without heparin in the control 
arteries 

Bleeding into the incision was the only complication of this technic, and its 
rare occurrence was due to copious leakage of heparin subcutaneously If this 
route of heparin administration proves effective, it may be equally advantageous 
to give vasodilators in this manner, thereby delivering the various agents to 
the important arterioles of the muscles and deeper structures, and inducing a 
local hyperemia by dint of the borrowing-lending mechanism of blood distribu- 
tion ^ Antibiotics may likewise prove more effective by this route 

' SUMBtABY 

I In a preliminary study the reaction to pure polyethylene in the subcu- 
taneous tissues of rats was similar to that caused by the relatively well toler- 
ated lucite The capacity of the polyethylene surface for delaying the tn vitro 
coagulation of blood was also found to be similar to lucite, being about twice 
that of glass and nearly as great as paraffin and collodion Surface tension 
studies in glass and polyethylene tubing showed that polyethylene, like lucite, 
follows Lamport’s rule that the capacity of a surface for delaying coagulation 
IS inversely proportional to its "wettability ” 
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2 Polyethylene tubes were used to bridge gaps m the thoracic aorta of 
dogs after the method of Hufnagel 

In an initial group of 14 anastomoses, two polyethylene tubes remained 
patent for periods of 9 and 12 months when the dogs were killed Half of the 
deaths in this group were due to aortic rupture with fatal hemothorax In a 
second series of nine intubations, five animals were apparently healthy at the 
end of three months Two of these five later developed fatal mesenteric embol- 
ism following aortograms with large doses of intravenous thorotrast Two 
remained well for periods of six and eight months when they were killed 

Of the four permanent intubations one was completely patent 12 months 
postoperatively, two were partially thrombosed, and one was completely throm- 
bosed Marked enlargement of collateral pathways sustained normal function 
m the dog with complete thrombosis 

3 Anastomoses of the femoral artery with Incite and polyethylene tubes 
were performed with a new instrument for facilitating the insertion of artificial 
tubes They were followed by frequent oscillometric examinations and daily 
arteriograms The anastomoses with plastic tubes were compared with 
arterial ligations, suture anastomosis, and an anastomosis with venous-lined 
polyethylene tubes 

JThe average duration of patency of the polyethylene tubes was two days, 
while the slightly larger Incite tubes remained patent for three days This 
average period of patency in polyethylene intubations was not prolonged by 
lining the tubes with silicone or soaking them in heparin preoperatively 
During and after thrombosis of these tubes abundant collateral circulation 
developed and the limb was never acutely ischemic Conversely, the animals 
with arterial ligations developed markedly ischemic limbs for the 24-hour 
period following ligation The intima coaptation technics were much superior 
to the plastic tube anastomoses in respect to the avoidance of thrombosis 
Since these more physiologic technics are usually impractical under battle con- 
ditions, further study of the simple anastomoses with plastic tubes was under- 
taken using supplementary anticoagulant therapy 

4 Because intravenous anticoagulants are contraindicated in most war 
wounds, study was initiated on a method for giving intra-arterial heparin 
proximal to the anastomoses of the femoral artery The heparin was infused 
through the left side tube used for postoperative arteriograms and the right or 
uninjected artery acted as a control Venous clotting times were also done to 
evaluate the systemic effect of the mtra-arterial heparin Typical cases were 
presented to indicate the kind of results which have occurred to date They sug- 
gest that an adequate local effect may be achieved without prolonging the 
general clotting time significantly 

CONCLUSIONS 

I Pure polyethylene, like lucite, is relatively well tolerated in the tissues 
surrounding the femoral artery of dogs and in the subcutaneous tissues of 
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dogs and rats The mediastinal tissues of dogs also showed slight to moderate 
reaction to pure polyethylene 

2 Polyethylene has a capacity for delaying the m vitio coagulation of 
blood which is similar to that of Incite, being about twice that of glass and 
nearly as great as paraffin and collodion 

3 Polyethylene repels water relatively well and, like Incite, follows Lam- 
pert’s rule that the capacity of a surface for delaying coagulation is inversely 
proportional to its “wettability ” 

4 Polyethylene tubes will permanently bridge gaps in the thoracic aorta 
of dogs Many of these anastomoses, however, are complicated by thrombosis, 
embolism, and aortic rupture 

5 Anastomoses of the femoial arteries of dogs with polyethylene and Incite 
tubes have average durations of patency of two and three days, respectively 
Lining the polyethylene tubes with silicone or saturating them with heparin 
preoperatively did not increase the aA^erage duration of patency 

6 A new instrument for retracting the walls of arteries facilitates the 
insertion of these artificial tubes 

7 Although the plastic tube anastomoses are inferior to intima coaptation 
technics in respect to the avoidance of thrombosis, their gradual occlusion over 
a period of days stimulates collateral circulation and prevents the marked 
ischemia which follows arterial ligation 

8 In battle injuries to arteries repaired with plastic tubes, assurance of 
patency of the anastomoses beyond the period of post-traumatic edema would 
probably require supplementary anticoagulant therapy Although intravenous 
anticoagulants are usually impractical in war wounds, a new method for the 
intra-arterial administration of heparin has shown promise and merits further 
study 
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ACUTE PANCREATITIS* 

A CSL-INICAIi EVALUATION AND REVIEW OF 154 CASES 

Louis J Morse, M D and 
Samuel Achs, M D 

Brooklyn-, N Y 

FROM THE SURGICAL SERVICES OF THE JEWISH HOSPITAL OF BROOKLYN 

Twenty years ago, one of us had the opportunity of reviewing 88 cases 
of acute pancreatitis with Dr William Linder The present analysis includes 
an additional 66 cases, a total of 154 cases operated upon between 1913 and 
1948 In our paper of 1929, we stressed the importance of diagnosis before 
abdominal section The former concept, that acute pancreatitis can only be 
diagnosed at the operating table, is no longer true Fitz indicated that this 
abdominal catastrophe should be suspected whenever violent epigastric pain is 
followed by vomiting and collapse This occurs m fulminating cases Little 
can be learned or done about this type, but acute pancreatitis, if borne m mind 
whenever an acute abdominal mishap presents itself, offers no greater difficulty 
in diagnosis than any other surgical condition 

The pathogenesis of acute pancreatitis, its differential diagnosis and treat- 
ment, will be discussed in some detail The accompanying tables are meant 
to convey the pertinent statistical findings in the 154 cases analyzed 

ETIOLOGY 

Acute pancreatic disease may be infectious or noninfectious The propo- 
nents of the infectious theory point out the possibility of extension of infection 
along the lymphatics , by p)’'emic involvement via the blood stream , by direct 
contiguity , by extension along the pancreatic ducts from the duodenum or bile 
ducts, by activation by bacteria in the normal pancreas, or finally, by bac- 
terial permeation from adjacent altered viscera 

In this connection, it may be of some interest to note that neither Truhart,®® 
m 43 cases, nor Jones^*’ found bacteria present in the pancreas When we 
realize how infrequently acute pancreatitis is encountered in conjunction with 
perforation of duodenal or gastric ulcers into the pancreas, the rarity of the 
incidence of infection by contiguity becomes apparent 

Infection may be a potent factor indirectly In late cases, the bacteria most 
frequently isolated are E Coh, pneumococcus and staphjdococcus Brocq® 
cultured anaerobes from the gangrenous variety, but the necrotic type was 
sterile Experimentally, Carnot,^® and Korte^^ produced acute pancreatitis by 
injecting colon and pyocyaneus bacilli, and other bacteria into the pancreatic 
duct Archibald^ produced fatal pancreatitis by colon bacillus injection Kemp®^ 
stated that certain bacteria, especially of the typhoid and colon groups, are 
capable of activating proteolytic pancreatic enzymes 

* Submitted for publication July, 1949 
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Lymphogenous infection from the gallbladder, liver and appendix has been 
emphasized in both acute and chronic pancreatitis by Maugeret,®’^ Arnsperger,^ 
Leaver, Graham^® and others , but whereas most observers agree that this 
may be the modus operandi m the chronic type, the acute process has never 
been produced experimentally in this manner 

Jones^° believes chronic pancreatitis to be the result of interstitial tissue 
inflammation produced by lymphatic extension, whereas acute pancreatitis 
involves the parenchyma via the pancreatic ducts 

Gastro-intestinal infection may reach the liver through the portal system 
and thence extend to the pancreatic gland 

Hematogenous pancreatitis through bacterial metastasis is rare, but pan- 
creatic inflammation has been reported in conjunction with epidemic parotitis 
and infectious thrombophlebitic processes 

Rosenow,^'^ experimentally, produced cholecystitis and pancreatitis by 
injecting intravenously streptococci obtained from the tonsils of patients with 
gallbladder symptoms 

The non-infectious theory presupposes first, mechanical stasis, and second, 
the chemical activation of inactive ferments resulting from autolysis of bile, 
duodenal contents or degenerated duct contents Although associated biliary 
disease is a concomitant finding m the majority of cases, those without appar- 
ent cholecystitis must be explained In these, toxic products may develop 
within the pancreas or may be regurgitated from the biliary tract or duodenum 
into the pancreatic ducts 

Inactive pancreatic juice is harmless Experimental ligation of the pan- 
creatic duct produces no necrosis If, however, ligation be effected at the 
height of digestion, pancreatic necrosis ensues Section of the duct, with 
escape of inactive juice into the peritoneal cavity, produces neither pancreatic 
involvement nor clinical symptoms Simple pancreatic injury fails to produce 
necrosis, even though activating substance may be liberated 

Levin^^ crushed the pancreas when associated blood vessel occlusion existed 
and produced characteristic hemorrhagic necrosis Clinically, trauma has fre- 
quently been followed by acute pancreatitis 

Bile for many years has been recognized as a factor in the production of 
acute pancreatitis Bradley and Taylor' found that bile did not activate the 
enzymes Others believe that bile merely accelerates the action of the pan- 
creatic ferments When bile was brought into contact with the pancreas, acute 
hemorrhagic pancreatitis resulted It has been demonstrated that injection of 
small amounts of bile into the duct of Wirsung produces acute pancreatic 
disease, if done at the height of digestion Opie"*! found that considerable 
amounts of bile were necessary Nordmann'^*^ produced very little reaction 
with sterile bile, but infected bile was more potent in the production of pan- 
creatic necrosis Sodium taurocholate appears to be the offending substance 
It IS found in abundance in infected bile Focal liver necrosis is noted early 
m acute pancreatitis 
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According to the regurgitation theory, three factors are involved in the 
production of acute pancreatitis First, a change in bile composition , second, 
undue resistance, such as is produced by stone or spasm , and third, elevation 
of gallbladder pressure or bile duct pressure sufficient to produce reflux of bile 
into the pancreas 

Clinically, bile may enter pancreatic ducts following obstruction of the 
common outlet in cases where bile and pancreatic ducts join, or by regurgi- 
tation of duodenal contents 

Here a few anatomical observations may not be amiss Mann and Giar- 
dano^® found that in only 3 5 per cent of subjects did the anatomic arrange- 
ment of bile and pancreatic ducts permit of common channel production 
Cameron and Noble® concluded that m 75 per cent of individuals a calculus 
impacted at the papilla could produce a common passageway It should be 
recalled that stones were found in the ampulla in but 5 4 per cent of 1287 
cases, one of these the celebrated case of Opie, operated upon successfully by 
Halstead It served, however, as an impetus to the study of pancreatitis 
Zuckerkandl®^ found that the accessory and mam pancreatic ducts tisualty 
communicate by a wide opening, close to the duodenal end Opie^^ found this 
situation in go of 100 dissections Baldwin® found that the common duct 
opened separately into the duodenum in 25 8 per cent and in a common ampulla 
in 74 2 per cent 

Obstruction may be due to stone, spasm, inflammatory swelling, mucus, 
parasites, and even venous congestion due to cardiac decompensation Spasm 
can be. induced by dilute hydrochloric acid in the duodenum It is also 
increased by gastroduodenitis and dietary indiscretion 

Duodenal contents in the absence of infection may produce acute pan- 
creatitis Polya^® accomplished this by injecting small amounts of duodenal 
contents into the pancreatic duct In support of the duodenal-ongm hypothesis 
IS a large number of cases where biliary disease is not apparent Regurgitation 
may occur in acute or chronic dilatation, or aided by antipenstalsis, in the 
presence of a relaxed or dilated sphincter of Oddi 

Brocq® completely obstructed the duodenum following gastroenterostomy 
and produced pancreatic necrosis SeideP® accomplished the same by causing 
stasis in the duodenum Opie suggested the presence of delicate valves m the 
diverticulum of Abater, that normally prevent regurgitation 

Brocq suggested that predominance of the hemorrhagic feature m acute 
pancreatitis is the result of the activation of trypsin by regurgitated duodenal 
contents, while preponderant fat necrosis is due to bile regurgitation 

Substances that have been utilized to produce acute pancreatitis experi- 
mentally are diphtheria toxin, acid gastric juice, alkalies, calcium chloride, 
formaldehyde and leucocytes with bacteria 

Rich and Duff'*® have described a peculiar hyaline necrosis of the walls of 
the pancreatic arteries and veins in acute pancreatitis They believed necrosis 
to be the initial lesion, and to be due to the extravasation of active trypsin 
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They observed a remarkable metaplasia of the pancreatic duct epithelium in 
13 of 24 cases examined, and since reflux of bile, infection and obstruction 
account for but two-thirds of the cases, they suggested that duct obstruction 
caused by this proliferation might be responsible for escape of trypsin, and 
consequently of hemorrhagic pancreatitis by thrombus and hemorrhagic pro- 
duction 

Inspissated secretion in the pancreatic ducts appears to be another cause 
Acute pancreatitis may be encountered concomitant with degenerative pan- 
creatic processes such as tumors, vascular degeneration, toxic changes in 
systemic disease, and trauma 

Clinically, acute pancreatitis is not a primary disease, but rather a com- 
plication or sequela Whether we subscribe to one or another of the hypotheses, 
the realization that biliary disease is so frequently the etiologic precursor must 
be evident Egdahl’s^^ incidence of biliary calculi m 50 per cent and cholecys- 
titis in 75 per cent is not mere coincidence Where no biliary disease is 
apparent, it is well to recall Hess’^*^ work He produced acute pancreatic 
necrosis by ligating the pancreatic duct at the height of digestion PratU^ did 
the same in fasting animals with no resultant necrosis Notwithstanding all 
the possible methods of, and etiologic factors in the production of acute pan- 
creatitis, we may assume the great majority to be due to biliary disease Cer- 
tainly these latter cases are those with which we are most frequently con- 
fronted 

Fat necrosis has been taken as the diagnostic criterion of the 154 cases 
herein analyzed That acute pancreatitis does exist without fat necrosis has 
been proved clinically, but it was deemed advisable to include only those 
cases m which fat necrosis was demonstrable to prevent the possible inclusion 
of doubtful cases 


CLASSIFICATION 

There is ample justification for considering acute edematous or interstitial 
pancreatitis as a milder grade of acute pancreatic necrosis, which may be 
predominantly hemorrhagic, necrotic or suppurative Quick^* operated upon 
a patient with edematous pancreatitis only to find two days later that she 
succumbed to extensive pancreatic necrosis as demonstrated at autopsy 
Cole’s^^ work offered corroboration by the finding, in six cases of acute pan- 
creatic edema, of a sharp rise in blood amylase, a very significant observation 
in all forms of acute pancreatitis 


INCIDENCE 

Seventy-six per cent of our cases involved females The female-male ratio 
was the same m acute pancreatitis as m our cases of gallbladder disease, 
though Riese’s^® and Korte’s^^ observations were to the contrary The former 
observed males predominating, 79 to 42, the latter 30 to 14 If we regard 
biliary disease as the important etiologic factor, males and females are alike 
affected Forty-five cases herein included occurred in a period during which 
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2049 cases of biliary disease were submitted to operation, an incidence of 
approximately 2 per cent 

Fifty per cent of our cases occurred in the fourth and fifth decades The 
3mungest patient was 19, the oldest 73 

Previous gastro-intestinal disorders are of considerable significance All 
but 19 gave a history of some form of “dyspepsia” and of these, six had had 
repeated alimentary disturbances for three to four weeks prior to hospital 
admission Sixty-three per cent gave a definite history of biliary disease 
Alcoholism, in the literature, constitutes one of the cogent factors in acute 
pancreatitis When we realize that no case is permitted to enter our institution 
m which alcoholism is a predominating symptom, it becomes apparent why this 
series contains no case m which alcoholic diathesis plays any role 

PATHOGENESIS 

Pancreatic symptomatology in its acute manifestations depends on the 
activation of trypsinogen into trj'^psin Physiologically this activation occurs 
in the duodenum through stimulation by succus entericus Protein digestion 
by this liberated enzyme may affect blood vessels, 13'^mph structures or pan- 
creatic cells Activation is furthered by the products of cytolysis and by the 
calcium of extravasated blood serum The liberated tr3^psm destroys protein 
molecules which have been combined with bile salts, thus setting the latter free 
to produce further cell damage The resultant edema and sanguination may be 
extensive and severe in a very short time If the process terminates at this 
stage, complete restitution may ensue Progression may result in local or 
diffuse necrosis of the entire parenchyma 

Circulation of foreign protein in the form of incomplete protein digestion 
products may in part serve to explain the severe toxic picture Some believe 
the significant product of proteolysis to be histamine, produced m the necrotic 
tissue or in the peritoneal fluid Dragstedt^’’ showed that intraperitoneal fluid 
and products of pancreatic autolysis, when injected, were not toxic However, 
when these were infected, the characteristic S3'mptoms developed Experi- 
mental intravenous injection of peritoneal fluid from cases of acute pancreatitis 
by Cooke and Whipple,^® was without toxic effect 

Blood vessel digestion contributes the hemorrhagic features Peritonitis is 
due to toxic products circulating in the subserous lymphatics Thus, the entire 
syndrome depicts a definite clinical entit}'- that can be recognized 

Fat necrosis m acute pancreatitis may involve the fat of the abdominal wall, 
pericardium or pleura The dissemination of this necrosis depends on the 
circulation of lipase in the blood Wood®® suggests that the activation of 
steapsinogen m the pancreas is by some constituent of the bile, and Flexner-^ 
demonstrated a fat splitting enzyme in necrotic foci Splitting of a fat into 
soluble gtycerm and fatty acid results in deposition of the latter as crystals, 
which later, with calcium, form globular masses surrounded by zones of round 
cell infiltration Wells®' found that a moderate amount of these necrotic areas 
might be absorbed m a week 
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Digestion of pancreatic cells liberates their contained trypsin and lipase, 
and consequently not only these two enzymes, but the products of their com- 
plete and incomplete digestion as well, are circulated through the lymph 
channels Therefore, symptoms of acute pancreatitis are due first to local 
pancreatic irritation, and second to the circulation of toxic products 

SYMPTOMS AND SIGNS 

Pancreatic inflammatory reaction results m edema and swelling, with 
resultant stretching of the pancreatic capsule This causes pain and obstructs 
diaphragmatic excursion Bile drainage becomes impeded by common duct 
obstruction Pressure on the abdominal brain, the celiac plexus, must be con- 
sidered in the explanation of acute pancreatic symptomatology at least in so far 
as local manifestations are concerned 

Of all the symptoms, constant epigastric pain is most frequently encoun- 
tered This pain is splitting in character, "as though something within were 
boring Its way through ” The localization of pain m this series is shown in the 
accompanying Table I Pain in acute pancreatitis is of intense severity Mor- 
phine in repeated doses fails to relieve it It is interesting to note that patients 
volunteer the information that a hypodermic injection has failed to ease their 
discomfort, vhereas during previous attacks, relief had been immediate from 
one dose of narcotic 

Vomiting is a troublesome, persistent complaint However, it is never 
progressive and never fecal One gastric lavage usually suffices for relief, a 
differential feature from high intestinal obstruction Coffee ground or bloody 
vomitus may occur, and is easily explicable when one considers the proximity 
of the stomach to the hemorrhagic pancreas 

Protein split products introduced into the circulation call forth a peculiar 
tram of symptoms designated allergic or anaphylactic At times these symp- 
toms predominate Shock, collapse, cyanosis, dyspnea, and m some instances, 
dermatologic reactions (urticaria) occur The significance to the clinical pic- 
ture of pressure on the celiac plexus can merely be mentioned, but Whipple'"^ 
pointed out a peculiar asthenia characteristic of pancreatic disease Cyanosis 
may in part be due to diaphragmatic embarrassment resulting from local pan- 
creatic swelling 

Temperature plays little, if any, role in the diagnosis Jaundice may be 
due to local pancreatic pressure on the ductus choledochus It is never severe 
Concomitant liver necrosis may influence the degree of jaundice, as will the 
presence of stones in the common duct Acute yellow atrophy has been found 
as a complication of acute pancreatitis 

Peritonitis, whether bacterial or chemical in origin, produces the same 
symptoms, local or diffuse Local peritonitis due to mechanical stretching of 
the peritoneum over the pancreas adds the local objective signs to the diffuse 
ones caused by the chemical irritant 

Constipation is not uncommon Diarrhea, ^^he^ it occurs, is usually a late 
manifestation indicating considerable pancreatic doji-uction C mstipation is 
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not complete, a fact of value m differentiating low intestinal obstruction The 
silent paretic abdomen of acute pancreatitis offers a marked contrast to the 
abdominal findings in mechanical obstruction Turner^^ described a bluish- 
brown discoloration of the skin overlying the left flank and back This has 
never been seen by us He also mentioned the diagnostic value of the para- 
umbilical skin discoloration, which was similarly lacking in our series (Cul- 
len’s sign) 

Statistical resumes help but little in the diagnosis of acute pancreatitis 
However, when a patient with a history of gallbladder disease presents a 
somewhat altered symptom complex, if morphine fails to alleviate the pain, 


Table I — Pam tn Acute PancfeatiHs {154 Cases) 

Location 

Percentage 

Epigastric 

87% 

Right hypochondriac 

61 

Left hypochondriac 

28 

Left lumbar 

S4 

General abdominal 

30 


which now radiates from epigastrium transversely to the left, if cyanosis and 
slight icterus, together with a peculiar asthenia and dyspnea occur, acute pan- 
creatitis must be considered Tenderness over the left hypochondnum and left 
costo-vertebral area should strengthen the clinical impression 

Tables I and II depict the location of pain and tenderness in our present 
senes In Table III, the more pertinent signs and symptoms, other than pain, 
are indicated 


Table II — Tendetness tn Acute Pancreatitts {154 Cases) 

Location 

Percentage 

Epigastric 

58% 

Right hypochondriac 

59 

Left hypochondriac 

30 

Left costovertebral 

37 

General abdominal 

26 


DIFFEKENTIAL DIAGNOSIS 

Symptomatology must be clearly analyzed, for acute pancreatitis may sim- 
ulate other acute abdominal entities Acute empyematous cholecystitis may be 
troublesome in the differential diagnosis This is especially true when impend- 
ing perforation and local peritonitis exist The presence of a palpable mass 
which attaches itself to the lower border of the liver aids greatly Pear-shaped 
or globular, this mass denotes a distended gallbladder due to cystic duct block 
Irregularity or boggmess of the mass may be caused by adherent omentum 
protecting an impending blow-out, or an already perforated gallbladder 
Because of its superficial position, light palpation performed by placing the 
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palm of the hand on the abdomen with the patient breathing slowly and deeply, 
easily discloses the mass It is significant that only 7 per cent of our cases of 
acute pancreatitis had acute cholec3?stitis at the same time 

Perforation of a diseased gallbladder into the general peritoneal cavity 
produces shock simulating that of acute pancreatitis, but the differential diag- 
nosis may be made by the history of a previously distended, acutely inflamed 
gallbladder, where medical treatment failed to relieve the cystic duct block 
Gallbladders do perforate, but if the sudden onset of acute pancreatitis is borne 
in mind, and the local findings enumerated above are absent, a correct diagnosis 
can be made 

Acute intestinal obstruction, especially the high variety, may offer some 
difficulty Although the shock produced by the sudden snaring of a loop of gut 
by a band or internal hernia may be great, the early visible peristalsis, the 
progressive vomiting, the painless abdomen, the absence of epigastric and left 
costovertebral tenderness and the absent malar flush, all assist in making a 
correct diagnosis 


Table III — Other Symptomatology 

(154 Cases) 

Percentage 

Cyanosis 

45% 

Shock 

17 

Emesis 

88 

Abdominal distention 

56 

Jaundice 

27 

Urticaria 

3 


Left renal colic, particularly when attended by extreme pain and shock, 
offers some difficulty If radiation of pain to the groin is absent, acute pan- 
creatitis must be considered Pyuria or the presence of erythrocytes in the 
urine certainly help Sudden torsion of a ptotic kidney with renal pedicle 
strangulation simulates pancreatitis The history of ptosis in a patient with 
considerable weight loss and the picture of Dietl’s crisis following sudden 
exertion supports the diagnosis The kidney may be readily felt, and found 
enlarged and tender, if it is palpated in the lumbar region If it is displaced to 
the midline its mobility can be demonstrated, and it may be reposited m the 
lumbar fossa 

Tenderness in the left inguinal region, a definite Head zone, is not infre- 
quent in acute pancreatitis, particularly when considerable bloody fluid is 
present in the peritoneal cavity 

Acute carbunculosis of the left kidney calls for discriminatory analysis 
Here, the antecedent history of some focal infection, coupled with sudden onset 
of chill, rise in temperature, tenderness and spasticity in either lumbar region, 
occurring in an otherwise healthy individual, even in the absence of pertinent 
urinary findings, are differential characteristics If the anterior surface of the 
nephros is the site of adhesions to the parietal peritoneum, there may be added 
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confusion with acute pancreatitis However, the toxemia, the shock, the flush, 
the paretic abdomen and the characteristic epigastric tenderness are missing 

Perforated peptic ulcer with its antecedent ulcer history, board-hke rigidity 
and scaphoid abdomen, may well be distinguished from the pancreatic paretic 
abdomen The absent mid-epigastric tenderness, the early signs of spreading 
peritonitis, the obliteration of liver dullness, with roentgen ray evidence of air 
under the diaphragm, the expiratory grunt and the absent malar flush exclude 
pancreatitis The ulcer patient usually presents a characteristic facies, the long, 
thin, drawn, dyspeptic countenance portraying chronic pain 

Coronary and cardiac disease demand consideration Careful precordial 
examination is essential, for the manifestations of heart disease are protean, 
and they may well simulate intra-abdominal catastrophes A pre-existing 
cardiac history, with liver tenderness due to right coronary closure, upper 
abdominal rigidity, and an extremely hypersensitive abdominal wall, will lead 
to the correct diagnosis 

Acute appendicitis should give no difficulty, even when spreading peritonitis 
IS present 


LABORATORY AIDS 

What are the laboratory aids that may be utilized ^ The total and differen- 
tial leucocyte counts of the blood are of little value In fact, it may be stated 
that the importance of the white cell count in acute abdominal conditions is 
probably over-emphasized Infection, hemorrhage, shock, and dehydration 
influence it It should be used merely as corroborative evidence Acute abdom- 
inal pain produces leucocytosis 

The erythrocyte count is usually high, over 5 million Hemoglobin content, 
too, is elevated because of the dehydration Increased hemoglobin may be 
utilized as an index of the severity of shock, and should considerably influence 
the surgeon as to the advisability of immediate operative intervention Serial 
determinations should be made frequently in order to determine the necessary 
fluid requirements for the restoration and maintenance of normal blood volume 

Blood enzyme determinations should be performed early, and frequentty 
repeated The serum amylase test is of great value (especially early m the 
disease) Its determination can be carried out rapidly, and elevation of 
amylase levels occurs early The lipase determination has greatest value after 
the first 48 hours of the illness, and its concentration remains elevated for a 
longer time than that of the amylase, since the latter enzyme is excreted from 
the body quite rapidly Determinations for both these enzjnnes when acute 
pancreatitis is suspected should be urgently requested There is a definite 
relationship between amylase findings and clinical progress Normal deter- 
minations may re-appear within a few days m a mild attack Normal values 
indicate little or no pancreatic destruction Following cholecystostomy, the 
blood amylase values in pancreatic disease return to normal rather abruptl)'', 
because of relief of pancreatic pressure Similar subsidence may occur when 
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pancreatic necrosis is progressive Here, destruction of parenchyma which is 
the source of the hyperenzymemia, prevents manufacture and liberation of the 
pancreatic enzymes Hyper-cholesterolemia has been frequently reported 

The urine may manifest the intoxication by the presence of albumin and 
casts Glycosuria need not be, and usually is not present Any severe peri- 
tonitis may be accompanied by glycosuria Urinary diastase may rise from 
the normal of 30 units to 200-1000 

Recently, Edmondson and Berne^^ have drawn attention to the marked 
mobilization of calcium m and around the pancreas resulting from the forma- 
tion of calcium soaps which are clinically recognized as the areas of “fat 
necrosis ” This results m an absolute hypocalcemia which is most apparent 
between the fourth and tenth days of the disease Fatal prognostic significance 
has been attached by them to serum calcium levels below 7 mg per 100 cc 
Early serum calcium determination has little value in the diagnosis of acute 
pancreatitis, or where fat necrosis is very minimal 

A scout film of the abdomen may show free air under the diaphragm or 
fluid levels in intestinal loops, indicating perforated ulcer or acute intestinal 
obstruction respectively Later, if the patient’s condition permits, a barium 
meal may disclose a wide duodenal sweep, an irregular greater curvature of 
the stomach, pyloric obstruction, or a depressed transverse colon, all signs 
of an enlarged pancreas 

Gottesman and his associates,^^ and more recently, Bockus and Raffen- 
sperger® have described significant electrocardiographic changes in acute pan- 
creatitis Improvement in the patient’s clinical status is concomitant with the 
disappearance of these abnormal tracings Hypopotassemia occurring in asso- 
ciation with vomiting and/or dehydration has been ascribed as the cause for 
these changes by Bockus, quoting Bellet 

TREATMENT 

During the past decade, therapy of acute pancreatitis has tended toward 
conservatism Surgery is usually either delayed or withheld entirely Imme- 
diate operation is justified only when the diagnosis is uncertain, when peri- 
tonitis IS marked, when ileus persists without improvement, or when abscess is 
present Subsequent operative intervention may be contemplated following 
the acute phase, especially when cholecystitis is the precursor (as it has been 
m practically all our cases) 

If we have, with a fair degree of certainty, established the diagnosis of 
acute pancreatitis clinically, immediate surgical intervention avails us naught, 
and the added trauma may act to the detriment of the patient The therapy 
should be directed to stopping the activation of trypsin within the pancreas, 
for, regardless of whether we believe that the mortality in acute pancreatitis 
results from shock, anaphylaxis, or toxemia, the basic mechanism in the 
evolution of the pathologic and the clinical picture is parenteral tryptic diges- 
tion If perforated ulcer and intestinal obstruction can be definitely excluded, 
conservatism directed towards haltiner trvosin disrestion is indicated 
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MEDICAL REGIME 

The principles of treatment which are generally employed include star- 
vation, which markedly inhibits the secretion of tryptic ferments , continuous 
gastric suction, to further rest the pancreas, the relief of pain by means of 
opiates and by procaine injection of the splanchnic nerves , the restoration of 
normal blood concentration and volume, utilizing whole blood, plasma and 
glucose (the latter to be given with sufficient insulin “coverage” to prevent 
pancreatic stimulation) , the prevention of distention by Miller- Abbott intu- 
bation , the inhibition of nervous stimulation of the pancreas, using atropine and 
ephedrme , and the recognition and elimination of hypocalcemia, utilizing cal- 
cium gluconate parenterally Recently roentgen ray therapy has been used 
successfully by Chisholm and SeibeF^ to decrease the serum amylase in acute 
pancreatitis in experimental animals, and also in a small series of clinical cases 

SUEGICAli TREATMENT 

Surgically, five procedures have been developed as follows 

1 Pancreatic di ainage, by splitting the peritoneal covering of the pancreas 
or by section of the gland itself, to encourage external discharge of the necrotic 
material The process in the pancreas is not ameliorated by such manipulation 
and pancreatic incision may enhance the danger of hemorrhage A fatal result 
was reported by Walzel'’® due to trauma to the splenic vein Besides, the 
anatomic arrangement of the pancreas into lobules precludes complete drainage 
unless each lobule be split Operative handling of the pancreas serves no good 
purpose, but on the contrary, may destroy natural protective barriers 

2 Lessei sac di ainage to prevent toxic product accumulation and forestall 
pseudocyst formation Smead®^ has demonstrated that the dilution and neu- 
tralization of these substances by blood and exudate is so complete that they 
are not harmful and removal is unnecessary 

3 Cholecystostoiny to decompress the entire biliary tract This procedure 
IS less hazardous than common duct drainage with or without gallbladder 
excision However, pancreatitis does recur after gallbladder drainage, as does 
the pre-existent cholecystitis At times, emergency cholecystostomy must 
be done 

4 Choledochostomy, although more efficacious, can have no rational indi- 
cation, except in the presence of jaundice due to stone, or dilated ductus 
choledochus 

5 Cholecystectomy, although it can accomplish the removal of the under- 
lying cause, may add too much trauma to an already shocked patient Too 
frequently have renewed attacks of acute pancreatitis followed immediately 
after this procedure, and too often have pancreatic pseudocysts resulted 
Cholecystectomy is followed either by dilatation of the common duct with a 
continent sphincter of Oddi, or the sphincter too may dilate, with resultant 
incontinence These events require time, and before such sphincter relaxation 
ensues, spasm may lead to pancreatic necrosis Disturbed innervation results 
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m common duct and sphincter relaxation Unless this sphincteric atony occurs, 
increased biliary pressure results, and continues until either the ducts distend 
or the sphincter dilates This primary increase in pressure predisposes to acute 
pancreatitis Rost^® reported a fatality m acute pancreatitis following instru- 
mental dilatation of the sphincter at operation 

Halstead,^® in 1890, successfully operated on acute pancreatitis, merely 
establishing the diagnosis at celiotomy He closed the abdomen without drain- 
age of the peritoneal cavity Halstead, again m 1901, unsuccessfully operated 


Table IV — Opetahve Findings 

in 154 Cases 

Percentage 

Fat necrosis 

100 % 

Gall bladder disease 

81 

Calculi 

54 

Beef broth fluid 

55 

Granular omentum 

29 

Acute cholecystitis 

23 


upon Opie’s case of stone impacted at the ampulla of Vater Von Haberer,^"^ 
in 1909, advocated routine cholecystostomy to provide a drainage vent, but he 
presupposed ampullar block in all cases It thus becomes fairly well estab- 
lished that splitting the capsule and pancreatic drainage do not influence the 
pancreatic process for recovery and certainly in the severer cases, cholecystec- 
tomy and choledochostomy will not be tolerated 


Table V — Operative Procedures m 154 Cases With Mortality Rates 

Cases Deaths Percentage 


Cholecystectomy 

30 

2 

6 6« 

Cholecystostomy 

83 

20 

24 0 

Choledochostomy 

2 

0 

0 0 

Choledochostomy with cholecystectomy 

10 

0 

0 0 

Pancreatic drainage 

23 

14 

60 8 

Exploratory laparotomy 

4 

1 

25 0 

Incision and drainage of lesser sac 

1 

0 

0 0 

Multiple operations in the acute phase 

A— Pancreatic drainage followed by 

B — Cholecystostomy 

1 

0 

0 0 

Total 

154 

37 

24 0 


Korte,®2 Abell,i Eggers,^'’ Wolfer,®® McWhorter®® and Jones®® have 
advocated immediate intervention Wangensteen,®® Smead,®^ Lewis, ®^ Mikkel- 
sen,®® De Takats and MacKenzie®® indicated a preference for early conserv- 
atism followed by subsequent biliary tract operation 

Eliason and North,®^ although advocating early operation, conclude that 
emergency operation may not be best McWhorter,®® who believes early oper- 
ation the procedure of choice, observed the lowest mortality rates in the 
deferred operative group 
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Mortality rates of 50 per cent to 70 per cent are reported by many 
observers Mikkelsen^s by delaying operative intervention from one to three 
weeks reduced his mortality to 7 5 per cent in 39 cases, 20 of whom were 
very ill Demel,^® from 1926 to 1934, operated upon 95 per cent of his 22 cases 
immediately, lost 78 3 per cent In the next 34 cases, but 50 per cent were 
operated upon immediately, with 26 4 per cent succumbing 

During the past ten years, cholecystectomy has been our operation of 
choice, if performed one week to ten days after subsidence of acute symptoma- 
tology Ligation of the cystic duct, however, has been purposely omitted A 
soft rubber tube is placed over the cystic duct stump, thereby establishing a 
vent for biliary drainage should sphmctenc spasm with possible recurrent acute 
pancreatitis ensue In effect, choledochostomy without its additional trauma 
and shock is accomplished, with decompression of the biliary system and con- 
comitant removal of the focus of infection 

Placing a drainage tube within the cystic duct would accomplish the same 
result, but with this difference if subsequent spasm did not occur, convales- 
cence would be unduly delayed by persistent biliary drainage By placing the 
tube over the cystic duct, closure of this duct progresses without interference 
The danger of biliary peritonitis need give us no concern We have practiced 
this mode of treatment for the past ten years with happy results 

Further analysis of the 154 cases will be found in the accompanying tables 

SUMMARY 

The pathogenesis of acute pancreatitis has been presented 
Differential diagnosis has been discussed with especial emphasis on acute 
intestinal obstruction and perforated ulcer 

The immediate operative and consen^atii'^e forms of therapy have been 
compared 

Our present mode of delayed operation has been described 
There remains but one further thought, and that is to urge the necessit}'^ 
for removing the principal offending organ before the complication of recur- 
rent acute pancreatitis presents itself 

The authors wish to thank those surgeons whose cases were used in the 
preparation of this paper 
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INTRATHORACIC PHEOGHROMOCYTOMA WITH 
HYPERTENSION* 

Herbert C. Maier, M D. 

New Youk, N Y 

FROM THE SURGICAL SERVICE, LENOX HILL HOSPITAL, NEW YORK, N Y 

A PHEOGHROMOCYTOMA usually occurs m or near the adrenal glands but 
may occasionally be found in other parts of the chromaffin system The tumor 
derives its name from the fact that the cytoplasm of the component cells con- 
tains a rjeddish-brown pigment when the tissue is fixed in chromate solution 
These characteristic cells may produce epinephrine and thus cause paroxysmal 
or persistent hypertension A case of intrathoracic pheochromocytoma with 
hypertension m which the tumor was successfully removed by operation is 
presented in this paper The extra-adrenal pheochromocytomas reported in the 
literature are briefly analyzed 

Although only a very small percentage of cases of high blood pressure are 
caused by an adrenalin-producing tumor of the chromaffin system, this lesion 
should always be considered in the differential diagnosis of hypertension The 
blood pressure elevations caused by a pheochromocytoma are not necessarily 
of a paroxysmal type In some cases, especially those of long standing, there 
is persistent hypertension with little fluctuation According to Green’s review® 
of 51 cases of pheochromocytoma with hypertension, only 14 had a normal 
blood pressure between paroxysmal elevations, while the other 37 patients 
constantly showed some elevation of blood pressure Since the pheochromo- 
cytoma was removed surgically m 12 of the 14 cases which had a normal blood 
pressure between the hypertensive paroxysms, it can only be conjectured 
whether these patients, if untreated, would have eventually developed sustained 
elevations in blood pressure as has been suggested by Wells and Roman 
Some pheochromoc)^omas apparently produce no adrenalin and therefore do 
not cause hypertension 

According to Kohn^^ chromaffin cells can be found along the entire length 
of the autonomic nervous system, and occur in nests in the autonomic ganglia 
Some authors employ the term "paraganglioma” for the extra-adrenal chro- 
maffin tumors arising in the paraganglia Most of the extra-adrenal pheochro- 
mocytomas that have been reported have been found in retroperitoneal portions 
of the abdomen, usually near the kidneys or in the aortic bodies or organs of 
Zuckerkandl which are located on either side of the aorta at the origin of the 
inferior mesenteric artery Although the carotid body is a part of the chro- 
maffin system, no adrenalin-producing tumor in this region is on record 
However, a case of carotid body tumor, which contained no pressor substance, 
and concurrent pheochromocytomas of both Zuckerkandl bodies has been 
reported ® 

* Submitted for publication December, 1948 
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Intrathoracic pheochromocjTonias are extreme^ rare To date, only two 
such tumors, diagnosed at autopsy, have been reported Only one of these 
was known to have caused hypertension The case reported here is apparently 
the first in which a diagnosis of intrathoracic pheochromocytoma with hyper- 
tension was made during life The true nature of the lesion was suspected 
prior to operation because this young man had both an unexplained hyper- 
tension and an intrathoracic tumor in the region of the sympathetic chain in 
the costovertebral area 



A B 

Fig I — A Posteroanterior roentgenogram of chest shows a small rounded 
mass projecting from the mediastinal shadows just below the arch of the aorta 

B Oblique view shows mass in left costovertebral region extending from the 
fifth to the seventh ribs 


CASE KEPOHT 

V K , male, age 25 years, entered the army when he was 22 years old and at that 
time he had a normal blood pressure Later, while in service, hypertension was dis- 
covered During the course of a diagnostic study, a roentgenogram of the chest revealed a 
small tumor mass m the left costovertebral area just below the level of the arch of the 
aorta Re-examination of the induction film showed that the shadow had been present at 
that time After a thorough investigation, a diagnosis of essential hypertension and 
neurofibroma of the costovertebral area was made The patient complained of easy 
fatigue, increasing nervousness, palpitation, slight dyspnea, occasional dizziness, headaches 
and sweating of the hands No pulmonary symptoms were present Physical examination 
re\ealed a well developed and well nourished male There was considerable moisture of 
the palms of the hands The systolic blood pressure varied between 190 and 210 mm Hg 

1060 


Volume 130 
Number 0 


INTRATHORACIC PHEOCHROMOCYTOMA 


and the diastolic pressure between lOO and 120 mm Hg The physical examination was 
otherwise negative Roentgen studies at this time (Fig i) revealed that no appreciable 
change in the size of the mass had occurred m a two and a half year period 

Operation was performed on November 2, 1945, under ether-oxygen intratracheal 
anesthesia Because an intrathoracic pheochromocytoma was suspected, blood pressure 
readings were taken every five minutes during the operation, and adrenalin was ready 
for immediate injection Through a posterolateral transpleural incision on the left side, 
the tumor was exposed A purplish-red mass measuring 5 by 4 by 5 cm was found m the 



Fig 2 — Photomicrograph of pheochromocytoma The 
characteristic arrangement of tumor cells m lobules sep- 
arated by capillaries is shown (x 150) Insert shows 
chromaphilia granules (x 640) 

costovertebral area just lateral to the upper portion of the descending aorta The mass 
rested on the ribs and intercostal structures m the costovertebral groove It was covered 
by pleura, was fairly well encapsulated and was soft m consistency The sympathetic nerve 
trunk traversed the mass The appearance and consistency of the tumor was more that 
of a glandular structure than that of a neurofibroma Care was taken to minimize 
manipulation of the tumor during the freeing of the mass m order to avoid a hj pertensivc 
crisis Within five minutes of clamping the blood vessels leading to the tumor, the 
systolic blood pressure dropped from 220 to no mm Hg and a feu minutes later was 
barely obtainable Intravenous adrenalin was gn en and a gradual cle\ ation of the blood 
pressure occurred Aside from the dramatic change in blood pressure, the patient’s condi- 
tion appeared satisfactory The blood pressure was within a normal range throughout 
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the first postoperative day, but on the second day the systolic pressure rose to about i6o 
mm Hg where it remained The postoperative course was otherwise uneventful 

The pathologic specimen consisted of an oval mass of tissue weighing 28 Gm The 
surface was deep red and one portion was covered by a grayish-white membrane Micro- 
scopic examination revealed a neoplasm which was made up of small or medium sized 
nests of tumor cells separated from each other by a relatively scanty stroma rich in con- 
gested capillaries The tumor cells were medium sized and oval, polyhedral or irregular m 
shape, with a fair amount of pale staining vacuolated or finely granular cytoplasm and 
eccentrically placed, generally round, compact nuclei Several sync3d:ial masses, resem- 
bling irregular giant cells were observed A few mitotic figures were noted The tumor 
was fairly well circumscribed by a capsulehke layer of connective tissue It presented 
many small areas of hemorrhage and here and there were clumps of brown pigment The 
pathologic diagnosis was pheochromocytoma (Fig 2) 

Because the blood pressure was still somewhat elevated, perirenal air studies were 
done by Dr George Cahill m March, 1946, but no evidence of a tumor m the adrenal 
region was found The patient also had a test performed with a henzodioxan derivative ® 
A drop m the blood pressure upon the injection of this adrenalitic substance is known to 
occur in cases of pheochromocytoma No change in blood pressure was recorded in this 
patient The test suggested that no further adrenaline-producing tumor tissue remained 
During the first two years following operation the blood pressure ranged between 
160 to 180 systolic and 100 to no diastolic The feeling of weakness and the other 
symptoms which were present prior to operation disappeared although some nervousness 
remained Two and a half years after operation the blood pressure was 140/80 mm Hg 
The patient was feeling well and leading a normal active life three years postoperatively 

DISCUSSION 

In about 12 per cent of the cases of pheochromocytoma recorded in the 
literature, the tumor was located outside of the adrenal area An analysis of 
these 19 cases of extra-adrenal pheochromocytoma^ ’’’’ ^2-14, le 21, 23 reveals 

that the sex distribution is approximately equal Although the age of the 
patients varied widely, over one half were less than 40 years old The tumor 
may occur in childhood In several instances an operation had been under- 
taken because of the presence of an abdominal mass, but a correct preoperative 
diagnosis was rarely made In over one half of the recorded cases the tumor 
was an unexpected finding at autopsy In some instances the cause of death 
was unrelated to the tumor, but in several cases signs of arteriosclerosis were 
present at postmortem examination This finding is significant as the majority 
of these patients were under 40 years of age Hypertension was known to 
have been present in a few cases, but most of the reports of extra-adrenal 
pheochromocytomas either deny hypertension or fail to record the blood pres- 
sure One patient, admitted to the hospital in a critical condition, showed a 
hypotension until death a few days later, autopsy m that case revealed a 
hemorrhage into a retroperitoneal pheochromocytoma ® 

The first intrathoracic pheochromocytoma, an incidental finding at autopsy 
in a 39-year-old female, was reported by Miller^'’^ in 1924 The tumor was m 
the right costovertebral area at the level of the sixth rib, and was about the size 
of two walnuts The report did not state whether the patient had had hyper- 
tension 
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The second mtrathoracic pheochromocytoma diagnosed at autopsy was 
reported by Philips^^ m 1940 This man was 39 years old at the time of 
death, but was known to have had hypertension since the age of 29 years He 
complained of episodes of cardiac palpitation and throbbing in his head, as 
well as some dyspnea, polyuria and nocturia At 33 years of age he experienced 
a left hemiplegia The heart was enlarged and the blood pressure varied 
betiveen 170 mm Hg and 220 mm Hg systolic, while the diastolic pressure 
was about 120 mm Hg Roentgenographic examination of the chest showed a 
mass at the left apex posteriorly, which did not move on swallowing and did 
not compress the trachea The patient also had a Horner’s syndrome on the 
left side Six years later the patient had an acute coronary occlusion and died 
in congestive heart failure At autopsy a firm mass about the size of a plum 
was found at the apex of the left pleural cavity The mass was not attached 
to the lung and was easily shelled out In addition to the tumor, the autopsy 
revealed myocardial infarction and marked arteriosclerosis of the coronary 
arteries, aorta and renal vessels 

Wahl and Robmson^^ reported a case of neuroblastoma of the mediastinum 
with pheochromoblastomatous elements The patient, a four-year-old boy, 
died of a neuroblastoma in the upper posterior thoracic region which had 
metastasized diffusely Microscopic examination of the primary tumor 
revealed a s)mipathogonioma with mixed neuroblastic and pheochoromoblastic 
elements Transition could be seen between primitive nerve cells and the 
chromaffin cells The metastases were all of the embryonic neuroblastomatous 
type whereas the differentiated elements were present only in the primary 
growth The child’s blood pressure was not mentioned 

Pheochromoc34:omas may be multiple In approximately 15 per cent of 
adrenal pheochromocytomas the tumor is bilateral Occasionally one tumor 
may be m the adrenal region and a second one in the organs of Zuckerkandl 
or in some other retroperitoneal region The number of extra-adrenal pheo- 
chromocytomas that have been reported are too small to justify an opinion as 
to whether or not the likelihood of multiple pheochromocytomas is greater 
when one of the tumors is located outside the adrenal region It is only during 
the past few years that cases with coexisting intra-adrenal and extra-adrenal 
pheochromocytomas have been cured by surgical excision The two previously 
reported mtrathoracic pheochromocytomas were solitary tumors found at 
autopsy In my patient the persistence of some hypertension for a considerable 
time postoperatively raised the question at that time whether another pheo- 
chromocytoma might be present, but laboratory tests and the later clinical 
course did not support this supposition 

The association of pheochromocytomas and neurofibromatosis is sig- 
nificant^^ When both types of tumors are present, the pheochromocytoma 
might clinically be mistaken for another neurofibroma 

A small number of malignant pheochromocytomas have been reported 
Apparently hypertension has not been present in the malignant cases This is 
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not surprising when one bears in mind the fact that the production of adren- 
aline requires a marked degree of cell differentiation and cancer is more fre- 
quently found in undifferentiated cells The cases of malignant pheochromo- 
cytomas have shown bilateral adrenal involvement The metastases may be 
widespread 

The symptoms presented by some patients with a pheochromocytoma can 
easily be confused with hyperthyroidism Nervousness, sweating, intolerance 
of heat, weight loss in spite of good appetite, easy fatigue and palpitations may 
be present In some such cases of pheochromocytoma the basal metabolic rate 
may be considerably elevated due to hypermetabolism 

Surgical removal of a pheochromocytoma usually causes the blood pressure 
to return to normal levels This correction of hypertension may even occur in 
some cases with preoperative disturbance in renal function and hypertensive 
retinitis, but it must be assumed that m some advanced cases the changes will 
be irreversible 

Since the hypertension in cases of pheochromocytoma is due to circulating 
epinephrine, adrenolytic drugs have been studied as a test for this lesion 
Goldenberg et al^ report that some benzodioxanes injected intravenously cause 
a transient drop in blood pressure m patients with hypertension produced by 
a pheochromocytoma, whereas no drop in blood pressure occurs Avhen a sim- 
ilar test IS applied to other cases of hypertension 

CONCLUSIONS 

The diagnosis of intrathoracic pheochromocytoma should be considered 
when a tumor in the costovertebral portion of the chest is associated with 
paroxysmal or sustained hypertension, especially in the younger age group 
Roentgenograms of the chest are indicated in all patients with symiptoms and 
signs suggestive of excess circulating epinephrine Pheochromocytoma is 
added to the list of intrathoracic tumors requiring surgical excision 
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SPONTANEOUS RUPTURE OF THE ESOPHAGUS 

REPORT OF TWO CASES ONE WITH RECOVERY AFTER SURGICAL REPAIR* 

Eugene E Cliffton, M D t 
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Spontaneous rupture of the esophagus is a rare, and from previous 
reports apparently a universally fatal accident Excellent reviews have been 
furnished by Fitz,® Walker, Klein and Grossmann^® and more recently by 
Eliason and Welty® and Barrett In 1946, Ehason and Welty® stated that 
41 cases had been recorded They added three more cases, the mortality of the 
44 cases being 100 per cent 

Since their report, at least ten^^’ additional proved fatal cases 

have been recorded, making a total of 54 cases with a 100 per cent mortality 
The ten recent cases will be reviewed briefly 

In 1946, Barrett^-^ reported three cases of spontaneous perforation, one of 
which was proved to be a rupture The patient, a 45-year-old male, had sudden 
onset of back pain after a short prodromal period of malaise, and collapse 
developed rapidly Because of predominantly abdominal signs, a diagnosis of 
perforated ulcer was made and abdominal exploration performed He suc- 
cumbed 24 hours after operation and 26 hours after the onset of the acute 
illness At postmortem, the esophageal rent was ^ inch long and was located 
2 j 4 inches above the diaphragm 

Foggitt^® reported the case of a 55-year-old woman in whom the diagnosis 
was made preoperatively by a barium swallow The rent in the esophagus was 
repaired by the abdominal approach, with death resulting two days after 
admission 

Weder ,24 in 1943, reported a case of rupture which might not be considered 
truly spontaneous since the patient was known to have a stricture, and the 
rupture followed forced swallowing of a large piece of meat impacted in the 
stricture However, the rupture occurred in the normal esophagus well below 
the stricture The patient died 46 hours after the rupture despite drainage of 
the neck and pleural cavity The esophageal rent at postmortem was 
6 cm long 

Pembleton^® in 1947 reported briefly a case of esophageal rupture secondary 
to indirect trauma, when a weapons carrier fell over on the patient, a soldier 
This patient had a severe tension pneumothorax, due to the ruptured esoph- 
agus which was the cause of death nine hours after injury 

Other cases previously recorded, secondary to trauma, were those of 
Aldrich and Anspach,^ Griffith^® and Murdoch 

* Submitted for publication June, 1949 

t Senior Fellow, American Cancer Society, as recommended by the National Research 
Council Associate m Surgery, New Haven Hospital 
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McLeod and Gardner^^ reported the case of a 58-year-oId male who had 
been on an ulcer regimen for gastric ulcer He suddenly developed epigastric 
pam with vomiting and rapid onset of shock With the diagnosis of perforated 
ulcer, an abdominal exploration was carried out No mtra-abdominal lesion 
was found and he succumbed 25 hours after the onset At postmortem exam- 
ination 1800 cc of coffee ground material were found m the left pleural 
cavity with a longitudinal rent 3 5 cm long on the postero-lateral wall of the 
esophagus 

Most recently, Kmsella et al reported five cases with a mortality of 100 
per cent, although one death cannot be ascribed to the disease itself 

Perforation, as distinguished from rupture of the esophagus, is more com- 
mon, especially that secondary to foreign body, stricture or instrumentation 
Reported cures of these cases are not uncommon Even cases of perforated 
peptic ulcer of the esophagus, which may at times be painless and so seemingly 
spontaneous, are not so rare, and at least one such case has been cured by 
pleural drainage (Benson and Penberthy^) Barrett^^ m his excellent review 
included cases of both spontaneous rupture and perforation 

Several cases of spontaneous perforation have been reported recently, 
including those of Casper‘S and Culver and Clark ® Several cases m which it is 
difficult to determine the exact pathology, whether perforation or rupture, 
have been reported These have been cases which have survived for a long 
time on conservative treatment and then have had pleural drainage with the 
diagnosis being made by passage of swallowed fluid or food The patients of 
Frink^i and Moore and Murphy,^® both of whom recovered, fall into this 
category A similar case, seen in this hospital, is being reported in detail by 
Dr Paul Vestal Still another case was recorded briefly m a general discussion 
by Cummings 

Of the 54 cases of proved spontaneous rupture reviewed, eighff- i*’- 12, 15, 
21,23 diagnosed preoperatively or premortem and only three received 

definitive surgical treatment,®' the third being Case 5 of Kmsella ct al 
Many cases, of course, were seen before the day of thoracic surgery The first 
case to be diagnosed and treated surgically was that of Collis et al ® Their 
case was diagnosed by the presence of subcutaneous emphysema in the neck 
and confirmed by barium swallow Exploration was carried out through the 
chest and the esophageal rent was closed, but the patient unfortunately 
succumbed 

FoggitP® explored the distal esophagus through the abdomen after making 
the diagnosis in a similar manner The rent was closed after pulling the esoph- 
agus down into the abdomen A gastrostomy was made at the same time, but 
despite this the patient succumbed 48 hours after the onset 

Kmsella^® made the diagnosis in Case 5 of their group of cases , this was 
confirmed by barium swallow, and eight and one-half hours after the rupture, 
operation was performed The patient was doing well on the eighth postoper- 
ative day when he succumbed to a pulmonary embolus 
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More recently a case of perforation of the esophagus has been treated 
surgically by Barrett^® with survival The patient, a female, was explored 
through the chest seven hours after the onset which occurred m the late con- 
valescence from a pelvic operation A tiny perforation was found cm 
above the diaphragm, closed with a purse string suture and the area drained 
A leak developed on the eighth day, and was followed by formation of a 
mediastinal abscess, which required drainage A lung abscess developed in the 
R U L which drained spontaneously through the bronchus Three months 
after the operation the patient was well 

Two cases treated at New Haven Hospital are the subject of this report 
the first, a case of rupture diagnosed and treated successfully by surgery , the 
second, a fatal case of rupture diagnosed incorrectly A third case, diagnosed 
as spontaneous perforation of the esophagus and treated by laparotomy with 
survival after late diagnosis and thoracotomy drainage, is being reported in 
detail by Dr Vestal Only Case No t was seen by the author 

Case 1 W S , N H H No B34078, a male Negro of 35 years, was admitted to 
the Emergency Room of N H H at 6 30 A m , August 9, 1948, complaining of severe 
high epigastric and substernal pain The diagnosis of the admitting intern was renal 
calculus or perforated duodenal ulcer Roentgenograms of the abdomen revealed no gross 
abnormalities The patient was then seen by the surgical resident on call (Dr Kre- 
mentz) who noted subcutaneous emphysema m the neck and made a tentative diagnosis 
of perforated ulcer of the esophagus 

At 3 00 A M the patient had been awakened by substernal and epigastric discomfort 
with a sense of fullness and a great thirst He rose, obtained ice water and drank three 
glasses very quickly Following this, he was seized by agonizing substernal and epigastric 
pain Almost immediately he became nauseated, retched and vomited a “cup full” of 
bright red blood The pain, nausea, retching and vomiting persisted Within about an 
hour, the pain radiated around the costal margin and then up to the left shoulder About 
the same time he noted respiratory difficulty with pleuritic pain He then was brought to 
the hospital 

The past history was obtained piece-meal, with some discrepancies The patient stated 
that he had had for over ten years rare attacks of epigastric fullness with substernal 
discomfort These attacks were always relieved b}’’ taking water, or food There was 
some question of his having had tarry stools immediately before the onset of the present 
illness Although the patient denied it on admission, the history was eventually obtained 
that he had been on an alcoholic spree the weekend before the onset of the present illness 

Examination revealed a well-developed and extremely apprehensne Negro obviously 
111 acute distress, with pulse ranging from 100 to 140, respirations 40, temperature 101° 
and B P IT0/70 There was easily palpable subcutaneous emphysema in the neck The 
respirations were very shallow and the patient could not be persuaded to take deep 
bicaths There were no changes in percussion noted but definite diminution of breath 
sounds particularly over the lower left chest The abdomen was rounded and there was 
tenderness, moderate spasm and rebound tenderness over the epigastrium The remainder 
of the examination was unremarkable Laboratory studies RBC 3,070,000, WBC 11,500 
uith 90 per cent polys, Urine 7-15 WBC, Plasma protein 595, Chlorides m 6, NPN 29 

Roentgenograms of the chest reiealed mediastinal emphysema on the left and inter- 
stitial emphysema in the neck plus a questionable small pleural effusion on the left A 
lipiodol contrast study of the esophagus, using cc, revealed a normal esophageal pat- 
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tern, but with an extravasation of a large quantity (about 1/3 of the dye) into the 
mediastinal soft tissues to the left and posteriorly (Fig i) 

The patient was given penicillin, intravenous sodium sulphadiazme and infusions 
His pain persisted with slight relief from morphine, and he developed clinical signs of 
fluid in the left pleural cavity and increasing signs of peritoneal irritation It was decided 
that the best chance of cure was with operation A Levine tube was passed into the 
'Stomach with ease At 12 00 noon he was taken to the operating room at which time his 
pulse was 140, respirations 40 and blood pressure 97/40 Endotracheal anesthesia followed 
sodium pentothal induction, supplemented by cyclopropane and ether with a small amount 
of curare 



Fig I Fig 2 

Fig I — (Case i) Oblique view after swallow of lipiodol to show extravasation 
of opaque medium into mediastinum 

Fig 2 — (Case i) Lateral view after barium swallow on the tenth po day 
Note the narrowing without obstruction The AP view could not be reproduced 
satisfactorily 


The left thoracic cavity was entered through the bed of the ninth rib The pleura 
was seen to be inflamed and the pleural cavity contained a quantity of dirty, dark gray- 
yellow material which had the tjpical appearance of gastric juice containing blood As 
the lung collapsed, the lower lobe w^as found to be fixed to the mediastinum by fresh 
fibrinous adhesions As this membrane was peeled off it was seen to be superficiall> 
necrotic m an area about 3 to 4 cm m diameter The low’er mediastinum and the tip of 
the pulmonary ligament were necrotic and perforated Dirtv fluid exuded through the 
openings 
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A cavity m the mediastinum about s by 3 by 2 cm was entered through the necrotic 
mediastinal pleura A brief attempt was made to visualize the esophagus m this area and 
then the diaphragm was opened and the fundus of the stomach and the abdominal esoph- 
agus were picked up and delivered into the chest There was no evidence of perforation 
into the peritoneal cavity, but as the esophagus was freed in the esophageal hiatus, the 
necrotic reaction was seen to extend to the peritoneal side of the diaphragm At a point 

approximately i cm above the diaphragm, the 
# lower end of a tear in the esophagus was seen 

§. The longitudinal tear on the left posterolateral 

<1 y surface of the esophagus was over 4 cm in 

length The stomach tube lay against the oppo- 
site wall Although a resection had been planned, 
a local repair appeared feasible at this time, so a 
three layer closure was performed The first 
layer consisted of a running suture of 00 chromic 
intestinal catgut in the mucosa alone, the second 
of the same type suture through all layers and 
the third an inverting layer of Halsted silk mat- 
tress sutures in the muscularis The medias- 
tinum, especially in the necrotic area, was care- 
fully irrigated and the organs were returned to 
their normal positions except for a long, thin 
tongue of omentum which was fixed upon the 
suture line The diaphragm was then closed 
The mediastinum was left open up to the root of 
the lung and the superior mediastinum was also 
incised, albeit with some difficulty because of the 
low incision Chest closure was with three suc- 
tion catheters, one posteriorly lying on the dia- 
phragm with its tip very close to the mediasti- 
num, one anterolaterally just lateral to the peri- 
cardium, and one anteriorly in the third inter- 
space One hundred thousand units of penicillin 
were sprayed over the mediastinal area 

The patient’s immediate postoperative 
course was satisfactory, with relief of his pain, 
but with elevation of pulse, temperature and 
respirations However, on the third postoper- 
ative day he rapidly developed a severe delirium 
reminiscent of delirium tremens and his course 
for the following few days was stormy Delirium 
was controlled by paraldehyde and supportive 
measures including large doses of vitamms 
On the sixth postoperative day a friction 
rub was noted over the right lower chest, 
with effusion developing subsequently as shown by physical examination and roentgen ray 
On the seventh postoperative day he showed evidences of thrombophlebitis of both lower 
extremities, but there were no further complications The anterior drainage tube was 
removed on the seventh postoperative day, the antero-lateral tube on the twelfth postoper- 
ative day and the posterior tube on the sixteenth postoperative day He was started on 
fluids by mouth as soon as his serious delirium permitted, on the seventh postoperative 
day Roentgenogram of the esophagus on the tenth postoperative day showed narrowing 
o he esophagus on the lateral projection (Fig 2) and minimal narrowing on the AP 
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Fig 3— (Case i) AP view after 
barium swallow four months after op- 
eration Outlined in dotted lines be- 
cause of poor contrast No narrowing 
or obstruction present 
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projection Repeat barium swallow on the twenty-second postoperative day revealed only 
minimal narrowing A right thoracentesis was done on the twenty-third postoperative 
day and So cc of fluid obtained, culture of which was negative A gastric analysis on 
the twenty-sixth postoperative day revealed a fasting free acid of 20 units He was dis- 
charged well on the twenty-seventh postoperative day, taking a full gastric diet without 
difficulty 

Additional note. May 8, 1949 Case i has been followed until this date and the 
patient has been eating a regular diet without any difficulty Roentgenograms of the 
esophagus on Dec 15, 1948, revealed no narrowing (Fig 3) 

Comment. This case showed the typical symptoms and signs of esophageal 
rupture Despite this, the impressions of the first observers were of an intra- 
abdominal lesion rather than the correct diagnosis When suspected, the 
diagnosis was quickly confirmed 

Case 2 J R, N H H No 74073 This 7S-year-old white male'was admitted to 
N H H Emergency Room at 7 45 p m on January 27, 1947, complaining of severe pain 
in the left side and the epigastrium 

The onset had been sudden at 10 35 a m , approximately ten hours before admission, 
when he became nauseated and vomited while walking up stairs Following this, there was 
no further vomiting but the severe pain persisted, despite small amounts of water and soda 
taken by mouth 

On admission he was evidently desperately ill, with pulse 100, blood pressure 100/70, 
respirations 30 and temperature loi 8° There was splinting of the left chest with signs 
of fluid up to the level of the seventh dorsal spine The abdomen showed slight distention 
with moderate tenderness in the epigastrium and 1 u q There was evident cyanosis, and 
the extremities were cold 

The past history revealed previous admissions over a period of years to clinic and 
hospital for lues, nerve deafness, arteno-sclerotic heart disease and a ruptured appendix 
SIX months before this admission 

The WBC was 4,700, with 76 per cent polys Urine examination revealed one plus 
albumin and two plus sugar without acetone 

The clinical diagnosis entertained by the medical staff in order given were (i) acute 
pancreatitis, (2) coronary occlusion, (3) incarcerated diaphragmatic hernia, (4) per- 
forated stomach or duodenum, (5) subdiaphragmatic abscess and (6) hydronephrosis with 
pyelonephritis 

Roentgen ray showed a pleural effusion with pneumonitis on the left, dilatation of the 
large bowel with the question of a subdiaphragmatic mass on the left He was treated with 
infusions and penicillin His blood pressure fell rapidly and he died in collapse at 
8 00 A M , about 21 hours after onset of his present illness Just before death, a thora- 
centesis obtained foul brown fluid Culture revealed mixed organisms 

At postmortem 1800 cc of foul chocolate colored fluid were found in the left pleural 
cavity with complete collapse of tlie lung The lower mediastinum was distended slightly 
to a point above the aortic arch with the same type of fluid There was an opening 4 mm 
in diameter from the mediastinum to the pleural cavity Pressure on the stomach forced 
more fluid through this opening There was a small pericardial effusion (30 cc ) On 
exposure of the lower esophagus, a 3 om longitudinal tear was seen on the anterior 
surface, with its lower edge at the esophageal hiatus The edges were ragged and stained 
dirty brown The edges of the mucosal tear, which was 6 cm long, were sharp as if it 
were split by a scissors The wall of the stomach and esophagus in this region w'cre "joft 
and unchanged except for slight edema Microscopic examination show^ed plasma cells 
tightly packed m the mucosa, with some fibrosis of the deeper layers of the mucosa and 
submucosa 
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Comment This case history again is typical, and the course much more 
typical of rupture of the esophagus than that in Case i The diagnoses con- 
sidered are those which have been made most frequently m previously reported 
cases No mention was made of interstitial emphysema of the neck, but it may 
have been missed as by the first three observers of our Case i The roentgen- 
ogram showed a large bubble of air in the lower mediastinum which should 
have aroused suspicion of the esophageal rupture The diagnosis could have 
been confirmed by the aspiration of a large quantity of foul fluid of the usual 
color from the pleura 

DISCUSSION 

As shown by these two cases and outlined by previous authors, proper 
treatment of this condition depends on early diagnosis, for m most instances 
the course is rapidly down-hill with early development of shock, collapse and 
death In man}'’ cases, death occurs within 24 hours and in the majority within 
48 hours Only 15 per cent survived more than 48 hours This very rapid 
course may possibly be altered by modern chemotherapy and supportive meas- 
ures, although this was not so in our Case 2 or in the more recent cases 
outlined above 

If rupture of the esophagus is kept in mind, the diagnosis should be enter- 
tained because of the distinctive symptomatology and then confirmed by the 
characteristic physical and roentgen ray findings The patient is usually a male 
(five to one) who may or may not complain of previous epigastric or subster- 
nal discomfort After a bout of drinking or other overindulgence, he suffers an 
attack of violent vomiting almost always with blood present, followed by severe 
high epigastric or substernal pain Occasionally the pain first occurs in the back 
or is referred there early in the course Referral of pain to the costal margin or 
to the left shoulder and pleuritic pain are frequent A characteristic of the pain 
is Its constancy With or without signs of pleural involvement, limitation of 
respiration is usually a leading complaint 

The most valuable clinical sign for diagnostic purposes and the one most 
commonly present is cervical interstitial emphysema m the presence of low 
substernal or epigastric pain In many cases there will be signs of pneumo- 
thorax, hydrothorax or both The standard roentgenogram of the chest may 
show mediastinal gas shadows, sometimes with fluid levels A definite diag- 
nosis may be made by the demonstration that a swallow of lipiodol extrava- 
sates into the mediastinum or pleural cavity 

The erroneous diagnoses most frequently made in these cases include 
coronary occlusion, pulmonary embolus, dissecting aneurysm, perforated ulcer 
of the stomach or duodenum, acute pancreatitis and renal colic As indicated 
in the case reports, perforated ulcer and renal colic were first considered in 
Case I and a melange of diagnoses were considered in Case 2 The diagnosis 
of an intraperitoneal surgical accident has been so strongly suspected in these 
cases that laparotomy has been carried out all too frequentl’v ^ ^ 

no 03 ^ 
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Once the diagnosis of spontaneous rupture of the esophagus has been made, 
the treatment is surgical Despite the shock-like picture, this must be per- 
formed early, combined with supportive measures The experience with good, 
conservative treatment has been universally poor with a reported mortality of 
100 per cent In cases of perforation the need for surgery is not so urgent, as 
their course is less precipitously downhill Even these cases, when treated 
conservatively, have a very stormy course, and their course undoubtedly 
would be shortened and the mortality decreased by early definitive surgery 

SUMMARY 

A brief review of the previous experience with spontaneous rupture of 
the esophagus, its symptomatology and differential diagnosis have been given 
Tw'o cases of spontaneous rupture, one of which recovered as a result of early 
diagnosis and surgical treatment, have been reported 
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GASTROPERICARDIAL FISTULA FOLLOWING 
TRANSTHORACIC ESOPHAGECTOMY* 

Clarence J Schein, M D. 

New Yohb:, N Y 

Glenn L Judson, M D , and Arthur C Hemphill, M D. 

Cleveland, Ohio 

FROM THE DEPARTMENTS OP THORACIC SURGERY AND PATHOLOGY CLEVELAND CITY HOSPITAL 
AND SCHOOL OF MEDICINE, WESTERN RESERVE UNIVERSITY 

The transthoracic approach to cancer of the esophagus and cardia is now- 
well established In the interest of collecting all possible data relative to this 
operation we present the first reported case of gastropencardial fistula occur- 
ring as the remote terminal complication in a case of transthoracic esophagec- 
tomy with esophagogastrostomy 

Case Report In March, 1946, a S4-year-old white man was admitted to Cleveland 
City Hospital complaining of progressive dysphagia of 5 months’ duration Physical 
examination, blood count and blood chemistry showed no abnormalities Radiograph of 
the chest was normal Fluoroscopic and film studies of the esophagus and upper gastro- 
intestinal tract showed an irregular constricting filling defect of the lower third of the 
esophagus with dilatation of the esophagus above the site of stricture Esophagoscopy 
revealed an area of constriction but no definite tumor Biopsy of the esophageal wall 
about the site of the stricture was reported as adenocarcinoma On March 18, 1946, a 
transthoracic resection of the lower third of the esophagus and upper stomach was carried 
out with esophagogastrostomy At operation there were no palpable lymph nodes in the 
mediastinum or hilum of the left lung and the procedure was carried out without incident 
The pathologic diagnosis was partially differentiated adenocarcinoma of gastroesophageal 
junction consistent with carcinoma arising from gastric mucosa The postoperative course 
was uneventful and the patient was discharged on the seventeenth postoperative day 

On October 14, 1946, he returned to the outpatient department complaining of sub- 
sternal pam and dysphagia relieved by alkali Esophagoscopy revealed an easily dilatable 
soft stricture 30 cm from the incisor teeth (the stomal level) with an area of ulceration 
on the posterior wall of the stomach just beyond the stoma Several biopsy specimens 
were taken about the stoma both proximally and distally These sections were reported 
as showing papillomatous overgrowth of the squamous epithelium of the esophagus with 
adjacent ulcer formation, a silk suture was found in the sectioned material Fluoroscopy 
and barium studies showed a patent gastroesophageal anastomosis which permitted barium 
to rush through easily There was some evidence of gastric retention but no indication of 
recurrent tumor The stoma was progressively and repeatedly dilated to No 34 The 
patient was treated with antispasmodics and a bland diet regimen for the marginal ulcer, 
with fairly good clinical response 

Esophagoscopy in June, 1947, revealed a tumorous stricture of the anastomosis, 
biopsy of this area was reported as adenocarcinoma Roentgen study (Fig i) at this 
time showed a constant fixed constriction of the distal esophagus with irregular filling 
defects in its borders Radiograph of the chest showed a left pleural effusion and haziness 
of the left cardiac border with a double contour suggesting pericardial effusion These 
findings probably represented the early manifestation of pericardial invasion by the 
recurrent tumor 

* Submitted for publication June, 1949 

1074 



Volume ISI 
Number 6 


gastropericardial fistula 


The patient’s final admission was in September, 1947, for increasing dysphagia, 
dyspnea, and persistent, boring left-sided chest pain Examination now revealed a pale 
debilitated man with left pleural effusion, a liver that was palpably enlarged 6 cm below 
the costal margin, and dilated superficial abdominal veins Thoracentesis yielded 450 cc 
of serosangumeous fluid which contained no tumor cells on microscopic cell block On 
September 27, 1947, a Witzel gastrostomy was performed as a palliative feeding pro- 
cedure The postoperative course was characterized by fever, leukocytosis and progres- 
sively increasing dyspnea Examination now revealed peculiar splashing and clicking 



Fig I —Examination m July, 1947. demonstrates 
an irregular, constant rigid, constriction of the 
distal 2 to 3 cm of the esophagus with irregular 
defects in the mucosa at the esophagogastric junc- 
tion, indicating recurrence of the carcinoma 


sounds in the heart cycle associated with distention of the neck veins and a venous pres- 
sure of 28 cm of water The electrocardiogram was typical of pericarditis Chest radio- 
graphs (Figs 2 and 3) showed a hydropneumopericardium Aspiration of the pericardium 
was easily performed and the fluid and air were obtained very freely The fluid was deep 
yellow with a specific gravity of i 017, pH of 60 and showed yeast cells on smear Peri- 
cardial aspiration offered the patient transitory relief of djspnea but a film taken imme- 
diately following aspiration showed no change in the cardiac silhouette Methylene blue 
swallowed by the patient could be aspirated from the pericardium Repeated pericardia! 
paracentesis and oxygen failed to relieve the cardiac tamponade and pericardiostomy was 
done on October 8, 1947, for decompression The patient expired 36 hours after the 
procedure. 
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Antopsv The most striking findings were in the chest Both pleural spaces were 
partially obliterated by fibrous adhesions and there were 350 cc of clear yellow fluid in 
the left pleural space and 200 cc in the right The left lung was firmly adherent to the 
pericardium, lateral mediastinum and posterior chest wall The pleural surfaces of the 
left lung were markedly thickened Sections showed the pleural thickening to be made 


up of partially differentiated adenocarci- 
noma There was atelectasis of both lower 
lobes of the lungs The walls of the peri- 
cardial sac measured up to o 4 cm in thick- 
ness and Its inner surface was shaggy and 
dull giay Histologic examination showed 
acute and chronic pericarditis with fibrin de- 




Fig 2 Fig 3 

Figs 2 and 3 — Radiographs of the chest show marked enlargement of the 
cardiac silhouette with thickening of the parietal pericardium most marked on the 
right In the pericardial sac there is air and fluid and two large fluid levels indicat- 
ing hydropneumopericardium The left costophrenic sinus is obscured and there is 
a left pleural effusion 


position The pericardiostomy was represented by a defect in the anterior pericardial 
wall which measured 6 by 4 cm and was continuous with the subcutaneous tissue of 
the right chest In the posterior wall of the pericardium there was a large defect 
measuring up to 5 cm in diameter through which the mucosal surface of the posterior 
wall of the stomach was seen (Figs 4 and 5) The edges of this defect were com- 
posed of firm grayish white tissue and measured up to o 8 cm m thickness Sections 
showed tumor tissue similar to that found at operation This invaded all layers 
of the stomach wall and could be seen extending down into the pericardial wall The 
mner lining of the pericardium blended with the submucosal of the underl3ung anterior 
stomach wall The heart was enlarged in all diameters and weighed 525 Gm Its epicar- 
sbal surface was shaggy and gray and there was a recent laceration of the subepicardial 
fat which had been caused by the pericardial aspiration There was no free fluid in the 
pericardial cavity The site of the previous gastro-esophageal anastomosis was posterior 
to the pericardium The distal 2 cm of the esophagus was thickened and the walls were 
firm and grayish white The lumen at this point was narrowed and measured o 8 cm m 
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diameter Sections demonstrated the presence of tumor m the thickened portions of the 
esophagus This was similar to that removed at the time of operation The anterior 
surface of the esophagus and stomach were attached to the posterior pericardium and left 
lateral mediastinum by fibrous adhesions There was a large deep ulcer in the mucosal 


Fig. 4 



Fic 4 —Photograph taken at autopsy, with the ape\ of the heart retracted 
sunenorly, demonstrates the greatly thickened pericardium and the 5 -x 5 cm 
eakro-pericardial fistula on the left postcroiatcra wall of the pericardia! sac 
The eastne mucosal folds are clearly seen through the fistulous opening 

Fic c Specimen removed at autops}' demonstrating carcinomatous 

thickenmir of the W'all of the distal esophagus The marginal anastomotic 

tniCKCIl b , ...r.* fhf» rr-jcfrir nenn/sf i. 


appears 
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surface of the anterior wall of the stomach immediately distal to the site of the anasto- 
mosis This measured 5 cm in diameter and o6 cm deep, and its edges were firm 
Microscopically the base and edges of this ulcer showed tumor tissue The large defect 
described above which opened into the pericardial sac was directly below this ulcer and 
was separated from it by a band of apparently normal mucosa i cm in width 

In addition to the above finding there were small plaques of metastatic adenocar- 
cinoma beneath the serosa of the right diaphragm, gallbladder, ileum, colon and cul de sac 
Amtoimcal dwgnosis Recurrent partially differentiated adenocarcinoma of esophago- 
gastric junction with metastases to left lung, left pleura, mesentery, peritoneum, and 
mesenteric lymph nodes , gastro-esophageal anastomosis with marginal ulceration and 
gastro-pencardial fistula, acute fibrinous and chronic pericarditis, cardiac hypertrophy 
and dilatation , compression atelectasis of lungs , arterial and arteriolar nephrosclerosis 

Discussion Gastro-pencardial fistula is rare Gottesman and Benedick^ in 
1926 reported a gastro-pencardial fistula due to carcinoma of the cardia 
treated by radium implants, with subsequent necrosis and fistula formation 
Abborf m 1945 reported two cases of pericardial esophageal fistula, one con- 
genital and the other occurring between the pericardium and a large epiphrenic 
esophageal diverticulum approximate^ six months following transthoracic 
diverticulogastrostomy Other pericardial enteric communications have been 
reported perforation of the esophagus into the pericardium by a foreign body 
and perforation of the esophagus into the pericardium by a tuberculous abscess ® 
It IS probable that the sequence of events leading to fistula formation in 
this case was postoperative adhesions betiveen the stomach and the pericardial 
sac followed by invasion of the walls of both organs by residual carcinoma 
This carcinoma tissue subsequently became necrotic and sloughed, leaving a 
direct gastro-pencardial communication 

Indirect evidence that the fistula was due to carcinoma in the stomach and 
not a pericardial metastasis is that Scott and Garvin® in a senes of ii,ioo 
autopsies found metastases to the heart and pericardium in only three cases of 
262 tumors of the esophagus and stomach 

The striking “splash murmur” and the characteristic roentgenographic 
appearance make the diagnosis of hydropneumopericardium relatively easy 
The differential diagnosis of air and fluid in the pericardial sac must include 
bronchopulmonary-pericardial fistula and suppurative pericarditis associated 
with gas-producing organisms In this case pericardial aspiration of swallowed 
methylene blue definitely established the enteric origin of the fistula 
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DIAPHRAGMATIC HERNIA WITH COMPLETE EVISCERATION 

OF THE LIVER* 

W. P. Kxeitsch, M D., a. D. Munger, M.D., 

AND W. F. Johnson, M D. 

Lincoln, Nebeaska 

FROM THE UROLOGIC AND GENERAL SURGICAL SERVICES OF THE VETERANS HOSPITAL, 

LINCOLN, NEBRASKA 

Diaphragmatic hernia has been quite thoroughly discussed m the surgical 
literature Congenital herniations are usually diagnosed in childhood, whereas 
the acquired and traumatic types are most frequently seen in the adult The 
case herein reported is unusual in that it represents a pleuroperitoneal hiatus 
in the right diaphragm of an adult with complete evisceration of the liver and 
gallbladder It is of further surgical interest m that it was not diagnosed until 
serious symptoms developed following a right pyelolithotomy 

The development of the diaphragm is a complex embryologic process, a 
discussion of which is not pertinent to this paper ^ It is sufficient to recall 
that the complex developmental evolution makes for many different types of 
hernia Classification of diaphragmatic hernia on an embryologic basis is not 
always possible Clinically the most simple and useful classification is that of 
Hedblom ^ He divides all diaphragmatic herniae into three major groups 
Congenital, acquired and traumatic Further classification into sub-groups is 
possible but the three basic types satisfy most statistical requirements 
Diaphragmatic defects when associated with evisceration of portions of the 
gastro-intestinal tract produce serious physiologic disturbances It is signifi- 
cant that our case was asymptomatic until herniation of the colon was added 
to the evisceration of the liver Congenital defects of the right diaphragm are 
much more rarely diagnosed than similar defects on the left A search of the 
literature fails to reveal a single case described as total evisceration of the 
liver Several cases of partial herniations of the liver through diaphragmatic 
defects are recorded but they are usually described as being lobular rather than 
total The case described below stimulates speculation as to whether it is 
possible for the liver to develop above rather than below the diaphragm 

Case Report (R A ) A 54-year-oId fanner was admitted to the Veterans Hospital, 
Lincoln, Nebraska, complaining of urgency and frequency of urination, terminal dysuria, 
dribbling and nocturia The history revealed that years previously he had been 
injured in an automobile accident in which he suffered multiple fractures of the ribs, 
a fractured left patella and a fractured pehis Following the accident he was semi-coma- 
tose for two weeks and since that time had a speech defect and residuals of a right 
hemiplegia An open reduction of the left patella was carried out and a suprapubic cys- 
tostomy was performed He used an indwelling, suprapubic catlie tcr for approximately 

* Published with the permission of the Medical Director, Veterans Administration, 
who assumes no responsibility for the opinions expressed or conclusions drawn by the 
authors Submitted for publication January, 1949 
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two years after tlie accident Following removal of the catheter the suprapubic sinus was 
closed surgically 

Physical examination on admission revealed a small, undernourished, white male who 
appeared chronically ill He had a speech defect and showed evidence of mental impair- 
ment He walked slowly with a shuffling gait The chest was thin, symmetrical, with 
flaring of the costal margins and considerable muscular atrophy The lungs were resonant 
and no adventitious sounds could be heard on auscultation The heart was not enlarged to 
percussion The sounds were normal and of good Quality , there were no thrills or mur 
murs The pulse was 90, regular, and of normal quality and rhythm The blood pressure 
was 100/70 A right inguinal hernia was present but was not disabling A moderate 
degree of prostatic hypertrophy was noted The admission blood count was within normal 



Fig I Fig 2 

Fig I — Preoperative roentgenogram Routine chest plate Interpreted as 
elevated right diaphragm with basal pleuntis 

Fig 2 —Postoperative pyelolithotomy roentgenogram Chest plate demon- 
strating large bowel shadow in thorax and absence of liver shadow below costo- 
phrenic angle 


limits The urine was very cloudy, the reaction was acid, the specific gravity i 012 and 
albumin 2 plus Microscopic examination disclosed many W’hite blood cells and culture 
revealed a mixed flora of colon bacilli and staphylococci Wassermann and Kahn tests 
were negative 

A roentgenogram of the chest showed the trachea to be in the midline with no enlarge- 
ment or displacement of the cardiac shadow' The aorta was somewhat tortuous The 
right diaphragm was reported to be elevated and a pleural reaction appeared to be present 
just above it There was an increase in the bronchial markings throughout both lung 
fields There were healed fractures of the first 6 ribs on the right and what appeared to be 
a congenital defect m the first nb anteriorly on the left (Fig i) A roentgenogram of 
the abdomen revealed a huge amorphous calcium deposit in the region of the right kidney 
Intravenous urography disclosed bilateral hydroureter and hydronephrosis, with a large 
calculus in the right ureter and renal pelvis 
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On cystoscopic examination a small bladder with a severely trabeculated wall and a 
chronic cystitis was found The ureteral orifices were abnormally located on the postero- 
lateral wall of the bladder and each ejaculated a cloudy urine The abnormal location of 
the ureteral orifices was thought to be due to the fact that the bladder was distorted by 
the previous longstanding suprapubic cystostomy A diagnosis was made of calculus in 
the right renal pelvis, renal tuberculosis to be considered 

A right renal exploratory operation (by A D M ) revealed an enlarged kidney with 
an extremely dilated pelvis and ureter containing a huge elliptical calculus The calculus 
was removed through an incision in the ureter and pelvis The stone was yellow-grey in 
color and friable with a soft, caseous center Cultures taken from the urine in the pelvis 
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Fig 3 — Partially diagrammatic drawing illustrating relationship of liver 
and gallbladder to the diaphragm The herniated colon is not shown but 
entered the chest through the defect anterior to the porta hepatis 


revealed a mixed flora of colon bacilli, staphylococci and streptococci Smears and guinea 
pig inoculation showed no evidence of tubercle bacilli Renal function was good following 
the operation 

In the evening of the second postoperative day the patient developed a cough and 
became slightly dyspneic In the morning of the third day abdominal distention, due to a 
combination of postoperative urinary retention and ileus, appeared Despite antibiotics, 
prostigmme, nasogastric suction and retention urethral catheter his djspnea and cyanosis 
increased Physical examination of the chest at this time revealed a h> pcrrcsonance of 
the right hemithorax Liver dullness was completely obliterated There were no breath 
sounds audible in the right chest except immediately lateral to the sternum The left lung 
field was filled with many coarse, moist, breath sounds A diagnosis of postoperative 
atelectasis on the right was made The patient was placed in an oxjgen tent, encouraged 
to cough, and intermittent carbon-dioxide inhalations were prescribed Roentgenograms 
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of the chest and abdomen discovered a large, gas-filled colon, extending into the right 
thoracic cavity producing an atelectasis of the right lung (Fig 2 ) 

Surgical consultation was requested and a diagnosis of right diaphragmatic hernia 
was made Because of the respiratory involvement a thoracotomy was recommended 
Therefore, in the evening of the third postoperative day the patient was subjected to a 
thoracotomy under intratracheal anesthesia (by W P K ) At operation the entire liver, 
the major portion of the transverse colon and the hepatic flexure of the colon were dis- 
covered in the right pleural space There was a central defect m the diaphragm through 
which the organs had entered the pleural cavity The defect was approximately lo cm in 
diameter, perfectly circular and with a thick, rolled edge The liver was rotated upward 

and back and was attached at its 
apex to the posterior margin of the 
defect m the diaphragm by means 
of the central tendon The gall- 
bladder was present, lying above the 
liver (Fig 3) It was impossible 
to return the liver into the abdomen 
through the existing defect in the 
diaphragm since the opening iras 
much too small An incision was 
made, therefore, extending the de- 
fect antero-laterally The transverse 
colon was then reduced with ease 
The liver was replaced by first in- 
serting the left lobe through the 
defect in the diaphragm and then 
gradually manipulating the right 
lobe of the liver beneath it Con- 
siderable difficulty attended this pro- 
cedure due to the distended colon 
which quite completely filled the 
peritoneal caMty The defect was 
closed under considerable tension 
with interrupted, hea^}'•, nylon su- 
tures Good and adequate inflation 
of the lung was obtained and the 
thoracotomy wound was closed in a 
routine fashion without drainage 
Postoperatively, the patient was 
maximally distended and energetic 
A Afiller-Abbott tube was passed, 
prostigmine and pitressin were given and 8 cc of 20 per cent hj^pertonic saline solution 
nere given intrai enously Intravenous infusions and antibiotics were continued 

In the first day after the thoracotomy the abdominal distention had been largely 
relieved and breath sounds could be heard m both lung fields After the abdominal dis- 
tention subsided the Miller-Abbott tube nas removed The oxygen tent was discontinued 
on the fourth postoperative da}"^ at which time the respirations \\ ere normal and the color 
was good He was ambulant on the fifth postoperatne day and sutures were removed on 
the ninth He improved rapidly but his hospital stay was prolonged because of a persistent 
urinary infection which was treated with appropriate antibiotics A postoperative roent- 
genogram of the chest taken before discharge from the hospital revealed many healed 
fractures on the right and a resection of the right tenth rib The diaphragm was elevated 
and there uas some increase in the bronchial markings in the right base (Fig 4) 
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Fig 4 — Postoperative thoracotomy roentgen- 
ogram The diaphragm is now seen to approximate 
its normal position The liver shadow is now nor- 
mally situated The old, healed, rib fractures stand 
out clearly 

measures to combat this were immediately started 
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He was discharged ambulant on the twenty-sixth day after thoracotomy At that 
time he was asymptomatic and felt well He was readmitted and observed five months after 
his discharge During the latter admission the urine was found to be infected and he was 
treated with streptomycin and sulfathiazole Fluoroscopy of the chest at this time revealed 
an active right diaphragm with some fixation laterally but no evidence of herniation He 
was discharged after treatment for the urosepsis 

DISCUSSION 

A study of this case develops several interesting questions as well as empha- 
sizing certain findings In the first place, it emphasizes the importance of 
studying roentgenograms not only in order to interpret obvious pathologic 
conditions but also to evaluate all unusual findings After a review of the 
roentgenograms one must conclude that failure to note the absence of the liver 
shadow in the preoperative scout films was an embarrassing oversight An 
important clinical observation is made in that the presence of a defect in the 
diaphragm with the liver above it is a completely asymptomatic condition 
Symptoms relative to the diaphragmatic defect were not produced until post- 
operative ileus forced distended bowel into the thorax This suggests that 
symptoms of diaphragmatic hernia are, in general, associated with disorders iil 
function of the gastro-intestinal tract Respiratory symptoms are secondary 

The importance of bedside roentgenography m the diagnosis of postoper- 
ative pulmonary complications should be stressed Although an astute diagnos- 
tician can quite readily make a differential diagnosis of postoperative pul- 
monary complications from physical findings alone it imposes a serious burden 
on the junior staff members who so often see such conditions first The help 
that a bedside chest plate offers should not be neglected in the evaluation of 
serious postoperative pulmonary complications Without a postoperative chest 
film the case under discussion might well have been considered a case of 
massive pulmonary atelectasis 

It IS interesting to speculate as to the etiology of the hernia in this case 
Certain aspects strongly suggest a congenital origin of the diaphragmatic 
defect However, the possibility of a traumatic origin cannot be excluded 
Central defects of the diaphragm are rare whether congenital or traumatic m 
origin A central defect on a traumatic basis is possibly somewhat more diffi- 
cult to postulate It would assume spontaneous healing of a torn diaphragm 
with the exception of a small opening for the porta hepatis On the other hand, 
an embryologic explanation also meets with serious objections A central 
defect implies failure of development or fusion of the pleuroperitoneal mem- 
brane Studies of the embryologic development of the diaphragm seem to indi- 
cate that the liver and adrenal glands play an important role ^ It scarcely seems 
possible for an essentially normal diaphragm to de\elop below the liver 
Finally, we cannot ignore the historj’^ of trauma The violence this patient 
suffered in the automobile accident nas serious enough to be just sublethal 
The residuals are still present in the form of cerebral damage, healed fractures 
of ribs and indirectly, probably even the renal calculus A traumatic origin of 
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the hernia must, therefore, receive first consideration despite difficulties in the 
interpretation of the findings 

SUMMARY 

1 An unusual case of pleuroperitoneal hiatus of the right diaphragm is 
described It is believed to be the first case reported of a supra-diaphragmatic 
liver in an adult 

2 The importance of a careful study of all roentgenograms is re-empha- 
sized If, as in this case, attention is directed exclusively at obvious pathologic 
lesions, associated conditions will often be overlooked The judicious use of 
bedside roentgenography in the postoperative period is also stressed 

3 The etiology of the condition is discussed, although no satisfactory 
conclusions are drawn The factors involved in considering this either as a 
congenital or traumatic form of diaphragmatic hernia are presented The 
explanation in either case results in an incomplete description of the course 
of events 

4 The development of symptoms in the postoperative period due to a 
patent pleuroperitoneal hiatus is described The operative treatment and 
successful outcome of the case are reviewed 
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HOURGLASS STOMACH CAUSED BY ANNULAR MUSCULAR 

HYPERTROPHY* 

REPORT OF A CASE 

C. Morrison Schroeder, M D 

MiLTVAtriCEE, Wis 

FROM THE VETERANS ADMINISTRATION HOSPITAL, WOOD, WISCONSIN, AND 
THE DEPARTMENT OF SURGERY, MARQUETTE UNIVERSITY SCHOOL OF MEDICINE 

Hypertrophy of the pyloric muscle of the stomach is well known m infants, 
and a number of cases m adults have been reported However, hypertrophy 
of the muscular layers of the stomach of the proximal portion of the antrum 
causing an annular constriction partially dividing the stomach into two com- 
partments, and giving rise to an hourglass appearance on roentgenographic 
examination apparently has not been reported The following is the story of 
such a case 


CASE REPORT 


A 74-year-old white male was admitted to the hospital January 17, 1948, with 
the chief complaint of pain in the epigastrium of a month’s duration This pain occurred 
an hour or two after meals and was associated with the sensation that the stomach was 
overfilled and could not empty There was some nausea with the pain, but no vomiting 
The patient lost six pounds during this period No jaundice, hematemesis, or diarrhea 
had been noted 

Six years previously there had been similar symptoms which subsided when the 
patient followed a bland diet 

Previous records showed that the Wassermann test had been positive in 1928 He 
had received anti-syphihtic therapy Records since 1945 showed repeatedly negative 
serologic tests 

Significant points in the physical examination included some mental confusion, a 
shuffling gait, partial deafness, blood pressure i8o/94» palpable liver edge, and some 
observers noted a non-tender mass in the epigastrium 

The following laboratory examinations were within normal limits blood count, 
urinalysis, sedimentation rate, blood and spinal fluid Wassermann, colloidal gold curve of 
spinal fluid, and serum proteins NPN was 48 Gastric analysis showed 6o» of free acid 
and 76 ° total 

Roentgen-ray examination (Dr T Pfeffer) of the stomach after ingestion of barium 
showed a localized deformity in the nature of an annular constriction approximately 
2 5 cm in extent near the proximal portion of the pylorus A freely movable translucent 
mass 2 5 by 3 cm was present in the stomach proximal to the deformity (Figs i and 2) 
This deformity was constantly present on repeated examinations 

In spite of the gastric acidity and normal sedimentation rate, a tentative diagnosis 
was made of carcinoma of the stomach The movable mass seen m the stomach was 
thought to be a foreign body, probably, a trichobezoar, or possibly a pedunculated, 


polypoid tumor , 

On February 10 1948, the patient was operated upon There vcre some old adhesions 

between the omentum, gallbladder, liver and duodenum, and a firm constriction of the 
stomach approximately S c m proximal to the pyloric sphincter This uas about 3 cm 

* Published Director, Department of Medicine and 

Surgerv Veterans Administration, who assumes no responsibility for the opinions 
expLs^d or conclusions draivn by the authors Submitted for publication March, ipa, 
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Fig 1 — ^Roentgenogram of stomach showing the Fig 2 — Roentgenogram of stomach after partial 

hourglass appearance and the area of translucency proxi- emptying showing the constantly present defect 

mal to the deformity 


xlte I'" ANNULAR MUSCULAR HYPERTROPHY 

thick The overlying serosa was noimal Posteriorly, tins area was somewhat adherent 
to the peutoneum over the pancreas There were no nodules found in the liver, adjacent 
ligaments or omentum, and the regional Ijmph nodes did not seem to be invoked 
in tumor There was no free fluid 

Because of the patient’s age, and because theie was some question as to the diagnosis, 
a partial ratliei than a total gastrectomy was decided upon The distal two-thirds of the 
stomach was removed down to the pyloric ring The duodenal stump was closed and an 
ante-colic, anti-peristaltic anastomosis w'as made between the cut end of the stomach and 
the side of the jejunum about 30 cm from the ligament of Treitz 

Recovery was uneventful and the patient w-as discharged March 2, 19^8 Since then 
he has remained free of pain, complaining occasionally of a poor appetite 



Fig 3 — Gross specimen of stomach showing cross-section of thickened muscle 

Pathologic Repoit (Dr Joseph Lubitz) "Gioss Upon examination of the specimen, 
the tumor was seen to be a firm constricting area of thickened stomach w'all measuring 
2 cm in width, located 4 cm from the pyloric end of the stomach This thickened band 
cut with increased resistance, and it w’as uniformly shiny yellow'-w hite m color On 
cross-section of the stomach wail this mass was found to involve tiie muscularis and 
measured 7 mm in thickness At the point of constriction the lumen measured but i cm 
Between the pyloric end of the specimen and the muscular band the stomacli wall was of 
normal thickness m diameter A peach pit lay m the proximal portion of the specimen 
The mucosa appeared normal throughout (Fig 3) 

‘'Microscopic The mucosa is intact Under the mucosa there is hvpcrtrophj with 
replacement by fibrous tissue of the submucosa The thickening of tlie stomach wall is 
primarily due to hypertrophy of the musculature With special connective tissue stains, 
It can be seen that the fibrous stroma accompanjmg the hj pertrophied muscle is minimal 
The serosal surface is only slightly thickened (Fig 4) 

“Diagnosis Annular constriction due to muscular In pertrophv ” 

The peach pit accounted for the area of decreased densitv seen on the roentgen-nv film 
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DISCUSSION 

Since Beardsley’s report of a case^ of congenital hypertrophic stenosis of 
the pylorus, the condition has come to be a well-known lesion in infants 
More recently the existence of a similar lesion in the adult has been recognized 



Fig 4 ^Low power photomicrograph showing thickened muscular layer of 

stomach wall 


and numerous cases have been reported, including a senes of 8i cases seen 
in a four-year period by Kirklin and Harris Localized, annular, constricting 
hypertrophy of the stomach muscle elsewhere in the stomach does not seem 
to have been reported 
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ally the muscular layers of the pyloric antrum are slightly thicker 
e remainder of the stomach. The circular fibers are greatly increased 

1 sphincter just proximal to the duodenum In hypertrophy of the 

E adults the enlarged muscular mass consists of circular (and oblique) 
the antral musculature, separate from and proximal to the normal, 
lyloric sphincter The niche separating the sphincter from the 

»hied muscle is one of the radiologic criteria for diagnosis of pyloric 
)hy. Ordinarily this hypertrophy extends several centimeters proxi- 
D the antrum, forming a funnel-shaped canal which is widest at its 
;mity 

tc stenosis in the adult has been attributed to persistence of a con- 
done hypertrophy and also to the development later m life of hyper- 
■ the pyloric muscle, the cause of which is not clear, but possibly 
a gastric ulcer which has healed The appearance under 

ray has been described and the radiologic criteria for diagnosis have 
. defined 

: above described lesions, however, the point of greatest constriction 
nen of the stomach has been m the distal portion of the pylorus In 
'escribed here the constriction occurred in the more proximal portion 
itrum, causing an hourglass constriction of the stomach into two 
lents 

jlass deformity of the stomach is usually secondaiy to an intrinsic 
; process, usually benign, but sometimes secondary to neoplasm or to 
® In the present case the mucosa was intact There was no scar- 
her evidence of ulcer The lesion was entirely in the muscular layer 
pretation of the roentgen-ray films led to a diagnosis of carcinoma 
e of the hypertrophy of the muscle remains undetermined 
ms probable that the short duration of symptoms was due to the 
^estion of a peach pit and the resultant intermittent obstruction of the 
d area 

SUMIVIAET 

2 IS described of annular constriction of the stomach caused by hyper- 
: the musculature proximal to the pyloric region giving rise to an 
stomach which resembled carcinoma upon roentgen-ray examination 
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COARCTATION OF THE AORTA AT THE LEVEL 
OF THE DIAPHRAGM* 

CASE REPORT 

Charles R Olim, M D 

Mfmphis, Tenn 

FROM THE DEPARTMENT OE SURGERA OE THE UNIVLRSUA OE TENNESSEE 
COLLEGE OE MEDICINE MEMPHIS 

Since Crafoord’s report in 1945^ describing a successful surgical proce- 
dure for coarctation of the aorta, there has been increased interest in this 
congenital vascular anomaly Gross,- CrafoorcF and others'*- ' have reported 
successful operations in an appreciable number of cases 

The infantile type of coarctation of the aorta is usually not compatible with 
life Those patients who survive infancy and childhood have the adult form of 
coarctation, which is manifest by a stenotic segment, most often located between 
the left subclavian artery and the ductus arteriosus or ligamentum arteriosum 
Variations in location occur a few millimeters in either direction 

This case report is that of a young woman who at ojieration was found to 
have a coarctation of the aorta just above the diaphgram (Fig i) Investiga- 
tion of the literature revealed that Schleckat** 111 1933 reported such a case in a 
44 -year-old man His patient died with a diagnosis of aortic insufficienc}-- 
Autopsy revealed a coarctation of the aorta just above the diaphragm The 
stenotic segment was narrow and its lumen admitted only a 3 mm probe The 
aorta above the stenosis was enlarged and below was of about normal si/c 
The collateral arterial channels were dilated Costa^ in 1930 described a 
stenosis of the aorta between the first and second intercostal arteries FIickF 
in 1931 reported a constriction of the aorta located below the ductus arteriosus 
measuring 6 cm in length This was considered as probably inflammatory in 
origin Our case is, apparently, the second one, in the low tlioracic aorta, to be 
reported, and the first one for which an operation was performed 

CASE report 

The patient, 20 years old, was admitted to the John Gaston Hospital 011 I'chruarA 
18, 1948 Since July, 1947, she had been troubled with attacks of dyspnea, palpitation, 
and tachycardia Exercise or excitement increased these sjmptoms, the attacks lastinpf 
only a few minutes She had had severe headaches since the age of nine >ears Episodes 
of pain in her arms and legs had occurred since November, 194/ She was handicapped 
to the extent that she could not do much housework The past Instore was non-con- 
tnbutory 

Physical examination revealed a well dee eloped young colored female Ihe artcri.il 
pulsations in her neck were increased bilaterally The blood pressure in her left arm 
was consistently higher than that of the right arm, and earicd between 180/1 jo ami 
200/140 The pressure in her right arm earied between 120/100 and no/100 P.loml 
pressure readings were never obtainable 1.1 her legs nor were pulsations cier palpiblc 
Her heart w-as questionably enlarg ed and a sAstolic nin rnnir heard posteriorh om r 

* Submitted for publication December, 1948 
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the tip of the scapula There were no palpable pulsations of the intercostal arteries Her 
RBC was 4,600,000, hemoglobin I 2 j 4 Gm , blood Kahn negative Roentgenogram of her 
chest revealed a moderate enlargement of the heart, the contour indicating left ventricular 
enlargement Minimal erosions were reported on the inferior surfaces of the fourth, fifth, 
sixth, and seventh ribs bilaterally The aortic knob was present but not prominent The 
lung fields were clear A preoperative angiocardiogram was attempted, but was unsatis- 



Fig I — Drawing to demonstrate the low position of 
the coarctation 


factory The clinical diagnosis was coarctation of the aorta, and on March 10, 1948, 
operation was performed 

Operation Under cyclopropane endotracheal anesthesia, an approach was made 
through the left chest by dividing the intercostal muscles in the fourth interspace Pos- 
terior segments of the third, fourth, fifth, and sixth ribs were removed On freeing the 
parietal pleura, a dilated aorta was found, with no constriction Pulsations of the aorta 
were quite forceful The left subclavian artery was not enlarged As far as the thoracic 
aorta could be visualized, no constriction was present The intercostal arteries were not 
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dilated The low thoracic aorta could not be visualized, but by palpating low in the chest, 
there was thought to be a constriction in the aorta just above the diaphragm An actual 
constriction could not be felt, but the pressure in the low aorta at the level of tlie 
diaphragm seemed to be definitely less than that of the aorta above, and a point of merg- 
ing from one pressure to the other could be localized to an area of about one finger’s 
breadth m the aorta Three diodrast angiograms were made on the operating table by 
injecting directly into the aorta, but the portable roentgen ray, due to its low power, 
failed to reveal any filling of the aorta In view of the low level of the coarctation it 
was considered advisable to terminate the operation and approach the area later through 
a more suitable incision 



Fig 2— Cross-section of specimen showing marked thick- 
ening which IS chiefly mtimal Separation of the intima and 
media can be seen 


Second operation On April 9, 1948, operation was performed at a lower 
left chest A postero-lateral incision was was'difficuT because 

posterior segments of the ^ertebfal column in the m.dl.ne A 

at this level the aorta was diaphragm The diameter of the 

coarctation was found, approximately 5 cm t P 

aorta above the site of coarc^tion -- \Vr fn the ch;st Ver^ little blood vas 
however, was somewhat smaller than the a h gh^^^^^ the aorta bclou 

passing through the stenotic area, ^ .L cmnotic area uerc of normal size. There 

The intercostal ends since the stenotic 

was concern over P^o^abk difficulty PP ,,as applied and the 

area was rather long and *777 l^gth was excised. The lumen of the specimen 
stenotic segment measuring 17 mm in lengi 
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at the maximum point of constriction was 4 nim in diameter (Fig^ 2) The ends of the 
aorta were under considerable tension and could not be approximated The proximal 
Bradshaw clamp began slipping and it was necessary to apply the modified Moymhan 
clamp, recommended by Gross, to the proximal aorta This clamp held very well but 
still the aortic ends could not be brought together The aorta had no elasticity at all 
Four or five sets of intercostal arteries were divided until 12 cm of aorta was mobilized 
This did not permit any further motion of the aortic ends Since it was impossible to 
join the ends of the aorta an iliac vein grafti® was considered as a bridge for the defect, 
but the patient had been under anesthesia for five hours and was developing pulmonary 
edema The extra time which would be necessary for procuring such a graft was con- 
sidered out of the question, and there was no assurance that such a graft would with- 
stand the increased pressure of the aorta without rupture or subsequent aneurysm forma- 
tion No plastic prosthesis^i was available Under the circumstances, the only choice left 
was to close the ends of the aorta with sutures, hoping that the collateral circulation 
would be adaquate The patient died approximately five hours after the operation Per- 
mission for autopsy was refused 


DISCUSSION 

The etiology of coarctation in the low thoracic aorta can not he explained 
on the basis of existing theories^- of which we have any knowledge The niost 
widely accepted theory of skodiac,^^ dealing with the extension of an obliterative 
process from the ductus arteriosus into the aorta, would not be applicable ui 
this case The possibility of inflammatory origin of the stricture is not borne 
out by microscopic study of the specimen 

The unusual location of the coarctation in this patient was not suspected 
until failure to find a constriction m the upper thoracic aorta, at the time of 
the first operation, led to further exploration The radiographic report of the 
presence of an aortic knob had been commented upon prior to operation, yet 
the arch was not prominent, and in a fair percentage of cases of high coarcta- 
tion the arch can be seen on roentgen ray examination It is doubtful, there- 
fore, that visualization of the aortic arch should necessarily lead one to sus- 
pect a low coarctation 

Three attempted diodrast angiograms during the operation failed to outline 
the low aorta This failure was due to the low power of the portable roentgen 
ra}^ used It might he pointed out that relativel}'' small, 21-gauge, needles 
were inserted obliquely into the aorta for the injections, and following with- 
drawal of the needle each time, blood spurted from the aorta for a distance of 
SIX to ten inches, and could he controlled only by the use of gelfoam sponges, 
and even then with difficulty In view of this experience I would question the 
safety of a blind insertion of an 18-gauge needle into the aorta, through the 
back, as recommended hj^ some,^"* for the purpose of obtaining an angiogram m 
patients with increased aortic pressure 

There was consistently a distinct difference in the blood pressure of the 
two upper extremities, with the greater pressure in the left arm The blood 
pressure m the left arm varied between 180/140 and 200/140, while that m 
the right arm was 120/100 to 130/100 Reifensteity^ noted that, uncommonly, 
there might be a marked difference of circulation of the two upper extremities 
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This usually consists of a decreased circulation in the left arm because of en- 
croachment upon the orifice of the left subclavian artery by the coarctation, 
vhich results in partial occlusion of that vessel King^c m 1939 reviewed blood 
pressure readings in 170 reported cases of coarctation and added five more 
cases to the literature There were only ten cases in which a significant dis- 
parit} of pressure in the two arms was present, and of these ten patients nine 
had higher pressure in the right arm, possibly due to involvement of the 
isthmus of the aorta and the mouth of the left subclavian artery in the same 
fibrotic anomaly — an explanation offered by Parkes, Weber and Knop 
East^® reported one case m wdiich the blood pressure in the left arm was 
195/145 and m the right arm wms 1 35/100 No autopsy examination of the 
patient was made, how’^ever In a second case, upon which clinical observations 
were not available, autopsy revealed stenosis of the isthmus of the aorta and 
an anomalous origin of the right subclavian artery which might have resulted in 
interference to the circulation of the right arm Love and Holmes^^ in 1939 
reported a case with a blood pressure in the left arm of 210/95 and in the 
right arm 150/90 At autopsy the right subclavian arter}, at its origin from 
the innominate, w as stenosed 

In our case the right chest was not explored and permission for autopsy 
was refused, so there w^as no opportunity to examine the right subclavian 
arter} 

Another unusual feature of this case was the absence of dilatation of the 
intercostal arteries in the left chest Since approaches w'ere made in both the 
upper and lower chest on the left, a satisfactory view^ of most of the intercostal 
arteries w^as possible The roentgen ra} diagnosis of rib notching was 
obviously in error Possibly, the internal maminar} arteri served as the 
major channel for collateral blood 

A distressing finding at operation w'as the lack of elasticih of the low 
thoracic aorta This feature w'^as noted before the coarctate segment Wris 
excised so that a minimum length of the strictiired % essel w as removed, the 
resected segment measuring 17 mm in length In both cut surfaces the intima 
and media separated and the aorta w^as pipelike m consistency The aortic 
ends could not be approximated and extensive dn ision of intercostal arteries 
did not give additional mobility In the upper aorta, freeing of the arch aiul 
the left subclavian arter} usually permits some straightening of the aortic 
arch with the result that additional length can be obtained for the proximal 
aortic segment No such moAcment was possible in the low thoracic aorta of 

this patient 

Substitution of some material is obwously necessari in instances where a 
rigid aorta is present and the aortic ends cannot be approximated The use 
of a vein graft as recommended by Blakemore was considered in this exise 
but w^as not used for reasons mentioned earlier Plastic prostlieses ha^e been 
used by Hufnagel m dog’s aortas, but its ^ah^e m human beings lor permanent 
intubation is open to question In past }ears man} metals and plastics^'^ -* 
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have been used as substitutes for defects in large arteries, with generally 
unsatisfactory results Grosses 25 recently, both experimentally and clinically, 
has used preserved arterial grafts with success This method appears promising 
and would have been the technic of choice in the case reported here if such a 
graft had been available 


SUMMARY 

A case is reported of coarctation of the low thoracic aorta just above the 
diaphragm Apparently, this is the first such case for which surgery was 
attempted, and the second case in which coarctation has been found in that 
position 

The unusual features of the case and its surgical problems are discussed 
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UNILATERAL MACROSTOMIA'' 

A CASE REPORT 

Robert H Clifford, M D 

FROM THE children’s SURGICAI SERVICE BELLCVHE HOSPITAL NEW YORK CITT 

This case of macrostomia is reported because of its rarity, only five cases 
having been reported in Euiope since i88i No cases have been reported in 
Ameiica The condition is generally held to be a fusion fault of the mandibular 
and maxillary processes, producing a cleft cheek in the same general manner 
as the fusion fault of the maxillary and naso-frontal piocesses produce a 
cleft lip All the cases reported, including the present one, have been unilateral 



Fig I — Preoperative view showing deformity 


In i88i. Dr J H Moigan^ piesented two cases of maciostomia that had 
been seen and opeiated upon Both of these were closed in a straight line 
The next case is leported by Claike in 1900^ This case had an associated 
defoimity of the hand In discussion of this case, the group assumed that 
the child had its hand in its mouth m utero In 1910, Sidoun® leports a case 
from Pans in which there was accompan}nng defoimity of the ear on the 
same side In 1936 Eitner^ reports a case also complicated by gigantism of 
the ear with supernumary pre -auricular buds In this latter case the mouth on 
* Submitted for publication December, 1948 
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the normal side measured 2 8 cm from the midline and 4 6 cm on the 
affected side 


CASE REPORT 

(E R ) — The patient was a i6-month-old female infant, the third child of healthj 
parents The other children had no deformities and the parents could recall no other 
members of the family that had any deformities The patient was a full term normal 
delivery The deformity was noticed at birth and the mother stated that it seemed 
larger then, in relation to the size of the head, than at time of this examination 



Fig 2— Operative Procedure 

(a) Proposed incisions 

(b) Vermillion flap rotated for commissure Incisions 
for z-plasty 

(c) Closure of z-plasty 

(d) Result 


Physical exam,nat.o,i revealed a yell-nourished and. except for he n,o«h <> • 

a well-developed child There were no other deformities The macrostoinia \ 
side, the abnormal commissure being 1 6 cm farther on the cheek than ^ - "onnd 
commissure The exact measurements from midhne to commissure on the right 

2 8 cm and on the left, 4 4 cm \ n nacnl 

The patient was operated upon under general anesthesia usig m ,rkcd on the 
endo-tracheal intubation Measurements equal to the norma si e 

Vermillion border of the affected side A small section of die -rmilhon oi /‘P 

medial to the marking of the new commissure was ‘ , ^4 the 

from the lower hp lateral to the marking was elevated and s.ung up and around 
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defect on the upper lip forming a new flexible commissure The remainder of the ver- 
milhon of the macrostomia was excised The orbicularis oris was identified and mobilized 
The upper and lower portion were sewn together behind the commissure Angular 
incisions were then made in the edges of the remaining cheek defect, producing two small 
pointed flaps which were transposed and a z-plasty was done This was to avoid a 
linear scar pull on the corner of the mouth 



Fig 3 — Postoperative view showing symmetric mouth 


The final result is good The mouth is symmetric and water tight Movement and 
expression is normal The skin scars leave something to be desired and may have to be 
revised later 

STJMMART 

A case of macrostomia, a rare congenital defect, is presented together with 
the method of surgical treatment 
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BASAL CELL CARCINOMA OF THE ANUS* 

Bruce D Lott, M.D , and Carter M. Alexander, M D 

Binghamtos-, New York 

FROM THE DEPARTMENTS OF SURGERY AND PATHOLOGY, BINGHAMTON CITY HOSPITAL, BINGHAMTON 

We have been able to find only eight reported cases of basal cell epithelioma 
of the anus (see Table I) Rosser,^ in a review of the literature since 1915, 
referred to a basal cell carcinoma arising in a fistula In 1933 Buie and 
Brust“ reported 2939 malignant lesions of the anus and rectum encountered 
during a 13 year period at the Mayo Clinic, 51 of this group were primary 


Table I 


Author 

Age 

Sex 

Clinical Findings 

Treatment 

Outcome 

Tucker and 

Hellwig 

1938 

43 

M 

Early, less than 2 cm Origin in 
hair follicle 

*Local excision radium 

No recurrence at 3 
years postop 

Guess 

1935 

52 

M 

Early, 2 cm 

♦Local excision radon 
seeds 

Died of coronary oc- 
clusion at 5 >cars 
postop , no sign re 
currence 

Gabriel 

1946 

70 

M 

Early, 1-2 cm Diagnosed by biopsy 
prior to surgery 

Excised by cutting di- 
athermy 

No recurrence one 
year later 

Buie and 
Brust 

1933 

S3 

F 

Advanced size of orange, also ex- 
tensive mass in left groin 

Radium advised, went 
home without treat- 
ment 

Unknown 

Buie and 
Brust 

1933 

53 

F 

Advanced, annular lesion 

Colostomy and poste- 
rior resection, half va- 
gina and local nodes 
removed 

Recurrence 8 mo 

Death 9 mo 

Lawrence 

1941 

73 

M 

Advanced, hard annular fungating 
neoplasm (at operation found to in- 
vade prostate and membranous 
urethra) 

Loop colostomy and 
posterior resection of 
anus and rectum 

Died m 2 years 

Lawrence 

1941 

73 

M 

Advanced, annular, fungating, 
completely involving anus and ex- 
tending at least 2 cm into adjacent 
perineum and pen-anal tissues 

Colostomy and poste- 
rior resection of anus 
and rectum 

Died several davs 
postoperativelj , no 
autopsy 

Rosser 

1931 

No mention 

No mention 

No mention 

No mention 


* Local excision prior to establishing diagnosis by tissue study 


anal neoplasms, and of the 51, only two were basal cell cancers In 1935 
Guess^ described one basal cell epithelioma , he made the observation that 
among 150,000 biopsies at the State Institute for Malignant Disease at Buffalo 
there were no others reported Tucker and Hellwig"* in 1938 reviewed 951 
cases in which every specimen at anorectal operation w^as examined micro- 


* Submitted for publication January, 1949 
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scopically, only one basal cell cancer was found in this series In that same 
year GabrieP described his only case, and in 1941 Lawrence^ reported two 
cases 

The early diagnosis of anal basal cell carcinoma presents considerable difft- 
culty Only one of the three early lesions reported (see Table I) was diag- 
nosed by biopsy preoperatively A basal cell tumor of the anus does not 
readily lend itself to biopsy since the growth tends to grow away from rather 
than toward the suiface of the anal mucosa When this tumor is observed in 
Its early stages it may easily be mistaken for any one of several common benign 
lesions such as a simple anal ulcer, a fibrosed varicosity, an aberrant lymph 



Fig 1 — Biopsy basal cell carcinoma beneath mucus glands of the rectal 
mucosa The cancer cells are distributed m typical disorderly masses with a single 
columnar layer of tumor cells at the periphery of the growth Hematoxylin and 
phloxine stain x 274 


node, 01 even a small, circumscribed, low-grade marginal abscess Because 
of the rarety of this tumor, we wish to report another case, with the hope 
that accumulated experience may lead to improved diagnosis and therapy 

Case Report K M , a married, white female, 62 years of age, was seen November 
i7» 1947 She complained of itching and irritation of the skin around the anus, but only 
on this date was it severe enough to prompt her to consult her family physician On 
routine digital examination this physician noted a little induration beneath the mucosa 
in the left anterior quadrant between the external and internal sphincters and referred 
ler to one of us (B D L ) In the past she had occasionally noticed a trace of fresh, 
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red blood with bowel movements , she gave no history of passing any old, dark blood or 
clots She had no pain with bowel movements, no protrusion except for skin tabs, and no 
change m bowel habit She had no previous rectal surgery, no loss of weight, and ga\e 
no history of cancer in her immediate family 

Fmdvigs (November 17, 1947) On digital examination a small area of thickening 
about I cm in diameter could be felt beneath the mucosa at the tw^o o’clock position, at 
the pectinate line A biopsy w'as taken and reported as follow's “Rectal mucosa at the 
muco-cutaneous junction There is actne mitotic actnity but no cell undifferentiation in 
the squamous epithelium The sub-epithehal connectue tissue contains large pjkotic 
nuclei of doubtful significance Another biopsy is recommended ’’ 

On November 29, 1947, the biopsy w'as repeated and described as follows “Rectal 
mucosa show'ing chronic inflammation ’’ On December 4, 1947, the patient W'as referred 
to the Tumor Clinic at the Binghamton City Hospital for consultation The Tumor Clinic 
made this observation and recommendation “On the left anterolateral w'all about 
inches from the anal orifice, there is an indurated area about the size of a dime , this is 
non-tender and feels deep to the mucosa \t the center of the mvoh ed area is a small 
ulceration, likely the site of biopsy Our impression is of chronic inflammatory tissue 
following thrombosis and subsequent fibrosis of internal hemorrhoids This area should 
be re-checked m three months ” 

On March 9, 1948, the area of thickening and induration had increased m size, now 
measuring 2 cm by i cm A third biopsy was taken and described as follow's “Basal 
cell carcinoma The growth m the section lies beneath rectal mucus membrane ” 

On March 26, 1948, the grow'th w'as locally excised and the w'ound bed generously 
fulgurated Microscopic examination of the tissue removed re\ealcd basal cell carcinoma 
The grow’th could not be traced into continuity w'lth any skin appendage There w'cre 
also areas of intraepithelial carcinoma in the surface squamous epithelium near the muco- 
cutaneous junction By June, 1948, the w'Ound w'as healed, she was referred for irradia- 
tion and received locally, by cone, a total of 5500 r When last seen m No\ ember, 194R, 
the affected area show'ed only a small soft scar Siie never liad palpable inguinal nodes 


SUMMARY 

1 With the case described herein, a total of nine cases of liasdl cell car- 
cinoma of the anus have been lepoited 

2 With early diagnosis and local surgical excision of the lesion, with or 
w'lthout subsequent iiiadiation, the piognosis in basal cell cancel of the anus 
appears to be excellent Tbe piognosis in advanced lesions appeals to be pooi 

2 The diagnosis of basal cell carcinoma of the anus mat require repeated 
biopsies of the suspected lesion 
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A COMPACT CAMERA AND LIGHT SOURCE FOR PHOTOGRAPHY 
UNDER STERILE CONDITIONS* 

E Converse Peirce, 2nd , M D 

AND 

Alexander H Bile, Jr , M D 

Boston, Mass 

FROM THE SURGICAL RESEARCH LABORATORY, CHILDREN'S HOSPITAL AND THE 
DEPARTMENT OF SURGERY, HARVARD MEDICAL SCHOOL, BOSTON 

A practical method for making photographic records of neurosurgical 
procedures under sterile conditions was described by Ingraham and Cobb m 
1947 1 A 35 mm camera (Kodak Bantam Special) equipped with a portrait 
lens was attached at operation to an autoclaved metal frame carrying a sterile 
cloth cover that could be pulled over the unstenle camera and secured with a 
drawstring Focusing was achieved with a rigidly attached metal rod that 
indicated both the object distance and the center of the lower border of the 
photographic field Satisfactory black and white and Kodachrome pictures of a 
motionless field were obtained with the regular operating room light (Fig i) 

This equipment is very simply constructed and is relatively easy to 
operate f With reasonable care, excellent photographic records may be secured 
at very low cost There are, however, certain ready modifications that increase 
the flexibility of the apparatus 

I Standard operating room lights illuminate the field somewhat unevenly, 
have a color temperature different than that for which 35 mm type A Koda- 
chrome (or other color films) is designed, and are insufficiently intense to 
allow the rapid exposures required m thoracic and other surgery where motion 
is a prominent feature This problem of providing an adequate intensity of 
color corrected illumination has been resolved m a simple and practical fashion 
by attaching a mushroom flood bulb (General Electric Photoflood RFL 2) to 
the camera frame by means of a removable bracket (Fig 2). The light bulb 
IS screwed into a standard commercial rubber covered socket rendered water- 
proof by a tightly fitting rubber gasket that surrounds the screw end of the 
bulb The light bulb on its bracket is easily detached from the camera frame 
proper so that it may be sterilized separately by immersion in Zephiran hydro- 
chloride (i to 1000) (Fig 3) The camera frame is autoclaved in the usual 
fashion and the two are reassembled at operation Control of the camera light 
m the operating room is secured safely by employing a mercury switch oper- 
ated with the foot :|; The camera is first placed m the proper position for the 

* Submitted for publication June, 1949 

t Complete metal frames and cloth covers for several types of 35 mm cameras are 
now available at Alfred Bicknell Associates, 243 Broadway, Cambridge, Massachusetts 

J A satisfactory mercury type of foot switch is manufactured by C M Sorensen, Inc , 
403 East 62nd Street, New York 21, New York 
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pictures, then only is the foot switch depressed and the picture snapped The 

light IS on for one to five seconds only and the bulb does not become hot in 
this brief time. 

The light produced by this attached flood bulb is much greater than that 
secured by more conservative means and is very constant in intensity and 
quality Despite the fact that the bulb must be offset somewhat from the axis 
of the camera lens, the many reflecting surfaces present in the freshly draped 
operative field cause sufficient light scatter to produce surprisingly flat illum- 
ination Excellent 35 mm Kodachrome pictures of the rapidly beating dog 


Fig I p-jQ 2 



Fig 3 


Fig I — Sterile camera of the Ingraham and Cobb type ready to be used The 
cloth bag, metal frame, and glass window completely enclose the camera (Argus 
C-3) The firmly attached metal rod determines both the object distance and the 
field size 

Fig 2 —The same camera shown in Figure i with attached light source. 

Fig 3 —The bulb, socket, and bracket shown m Figure 2 have been detached 
from the camera frame This requires the loosening of but two wing screws 


heart have been repeatedly obtained in the laboratory wnth the above equipment, 
and thoracic vascular procedures have been photographed in the hospital using 
the camera shown in Figure 5 

The proper speed and diaphragm opening must initially be calculated by 
trial and error for each photographic field size, but once obtained, may be 
relied upon It has been possible, for example, using 35 t>'pe A Koda- 
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chrome, a field of four by six inches, and a diaphragm of f-9 to use shutter 
speeds of 1/60 to i/ioo second (Fig 4) Where great depth is dcs.red, the 
diaphragm may be closed further at the expense of the speed 

2 The field size is limited to approximately six by eight inches when a 
three diopter "portrait attachment” is used with the 50 mm focal length lens 
of a 35 mm camera, and this is frequently much larger than is desired By 
employing a camera with a removable lens such as a Leica, Contax, etc , it is 
possible to obtain a field of any desired size by simpl}^ placing extension tubes 
of different lengths between the camera and the lens ^ Proper orientation of 
the camera with respect to the field to be photographed can be effected by 
employing replaceable or adjustable metal focusing rods rather than a single 



Fig 5 — Operating room camera modified from Ingraham 
and Cobb Note the varying lengths of the focusing rods to 
conform to different field sizes, the extension tube between 
camera and lens, and the mercury tvpe of foot switch This 
particular camera is operated by an unsterile assistant, only tiic 
focusing rod itself being autoclaved (Courtesy Dr Robert C 
Gross) 

fixed one Figure 5 illustrates a camera recently constructed for maximum 
versatility This employs a Leica III with a lens of 50 mm focal length The 
field sizes obtainable vary from one and one-half by t\\ o and one-quarter inches 
to SIX by nine inches, thus providing a more nearl) correct field for \ar\mg 
types of operations and for gross specimens of different dimensions A satis- 
factory "sterile” operating room camera A\ith a lens of 73 mm focal length and 
a rod adjustable m tw o planes for different photographic fields has also been 
used extensively by us The cameras with removable focusing rods may be 
operated by an unsterile assistant, only the rods themsehes being au{och\ed 

SUMMARY 

Two modifications of the "sterile” operating room camera designed In 
Ineraham and Cobb are described i The use of a mushroom photofiood luilb 
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and bracket stenlizable by immersion in Zephiran and activated by a mercury 
type of foot switch is discussed 2 A means of decreasing and varying the 
photographic field size by employing extension tubes m cameras with replace- 
able lenses is presented These modifications greatly enlarge the range of use- 
fulness of the “sterile camera” as a means of recording operative events 

BIBLIOGRAPHY 

1 Ingraham, F D , and C A Cobb, Jr A Simple Method of Making Photographic Rec- 

ords under Sterile Conditions J Neurosurg, 4 293, 1947 
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The Van Meter Prize Award 

The American Goiter Association again offers the Van Meter Prize Award of 
Three Hundred Dollars and two honorable mentions for the best essays submitted con- 
cerning original work on problems related to the thyroid gland The Award will be made 
at the annual meeting of the Association which will be held in Houston, Texas, March 
9, 10 and II, 1950, providing essays of sufficient merit are presented in competition 

The competing essays may cover either clinical or research investigations , should not 
exceed 3000 words in length , must be presented in English , and a typewritten double 
spaced copy in duplicate must be sent to the Corresponding Secretary, Dr George C 
Shivers, 100 East St Vrain Street, Colorado Springs, Colorado, not later than January 15, 
1950 The committee, who will review the manuscripts, is composed of men well qualified 
to judge the merits of the competing essays 

A place will be reserved on the program of the annual meeting for presentation of the 
Prize Award Essay by the author, if it is possible for him to attend The essay will be 
published in the annual Proceedings of the Association 
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Editorial . . , 

The Full-Time Teacher op Surgery 

A LITTLE MORE THAN 35 YEARS have now elapsed since the General Edu- 
cation Board appropriated funds for carrying out the “full-time scheme” for 
clinical education and research at Johns Hopkins It was an action received 
with great enthusiasm by some and marked hostility by others Few, indeed, 
interested m medical education remained neutral Such v as not unexpected, 
for the fact that the entire staff m the clinical branches should devote full 
time to teaching and research seemed to many revolutionary in scope , and the 
medical profession, as a rule, accepts revolutionary changes with what often 
is a tantalizing hesitation 

Whether the full-time teacher was to be the answer or not, many thought- 
ful people at that time realized that the clinical departments in our medical 
schools were in bad need of reform As a rule, the clinical chief had been the 
successful local practitioner in his community When he received his appoint- 
ment, he retained it until retirement or death intervened Because he was a 
successful practitioner, he usually was a busy practitioner , and because of the 
pressure of time his teaching geneially consisted of a series of lectures, 
clinical demonstrations, or operations To pursue the scientific side of surgery 
without adequate time, facilities or budget was indeed difficult In a period of 
great scientific achievement, this obviously was an impossible situation With 
sciences such as physiology, physiologic chemistry, pathology, and bacteriology 
making rapid strides, it was patent that soon the surgeon must be cognizant 
not only with their advances m order to adapt them to his profession but 
that he also must be a participant m these advances 

Just when the unrest began is hard to state In Germany m particular, 
the participation of the surgical teacher in the study of pathology and bac- 
teriology and the withdrawal from a consultative practice was becoming more 
and more frequently seen In this country Mall played an important part, 
bringing back as he did the enthusiasm that was generated by Ludwig and 
his group in their consideration of clinical medicine as a biologic science 
Certainly Mall was a great stimulus, along with Barker, to the group in Chi- 
cago, and he carried this fire with him to Johns Hopkins However, it is 
perhaps to the vision and tenacity of Welch and the sympathy and sagacity 
of Gates and Abraham Flexner of the General Education Board that this plan 
was put m practice in this country as rapidly as it was During its incubation, 
however through the early years of this centur)^ many important medical 
educators made statements favoring such a form of teaching, some in definite 

phrases, and others more haltingly , r t. r t 

Although he subsequently came to lose much of his enthusiasm for the 

full-time plan the theoretical advantages were expressed by Barker as giving 
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clinical teachers adequate mateiial on the wards, laboratoiy facilities, and time 
for thinking, research, and teaching On those rare occasions in which the 
clinical head would find it necessary to take care of a patient with means to 
pay, the fee would be placed in the treasury of the university This vould 
throw the accent in the clinical departments on scientific study of the ill 
person and by so doing would stimulate the undei graduate and graduate stu- 
dent of medicine to furthei advances in the adaptation of the preclmical 
sciences to the hospital ward 

This idealism was challenged by the Council of the American Medical 
Association m its report in 1914 While it granted that the clinical professoi 
should be a great physician a well-trained teacher, and a research workei , the 
Council favored the adoption in this country of the system extant in Germany 
at that time 111 which the clinical professorship was vested with all of the 
pierogatives of any other university professoi ship but the individual occupying 
the chair was allowed to support himself and his department by i^nvate prac- 
tice They felt that having the head of the department receive no fees and 
turning the income from his pm'^ate consultations in to the university treas- 
urei was “gi otesque ” 

Even Welch noted objections to the proposal uhich he so ably championed 
He felt that theie would be difficulty m securing and holding the very best 
men with such salaries as could be paid, and at the same time he felt “it would 
be hazardous to start the new arrangement with young men in the clinical 
chairs without considerable expeiience and without established leputations. 
howevei promising they may be” He also w'as aw'aie of the danger of 
private practice with a man of such reputation and felt “that the number of 
these private patients should be limited and detei mined mainly by the scientific 
interests of the cases ” He also noted that since the attraction of these 
clinical chairs wmuld be an opportunity for a high type of scientific wmrk and 
not salary, it was important that the occupants not be “ovei bin dened wuth 
administration, teaching, and the care of patients ” 

Even the most enthusiastic champion of the full-time system felt the 
inadvisability of excluding the excellent clinical teacher wffio, to a large ex- 
tent, was engaged in private practice He ivas to give part of his time to 
teaching, foi not only weie there many such excellent teachers but this plan 
would make the budgetar}'^ demands not too formidable 

The original plan obviously was an experiment Since its inception, how- 
ever, it has been adopted m principle by man)'^ institutions in this countr}', 
although often theie have been modifications Its effect on medical education 
undoubtedly has been profound, and the caliber of scientific investigation, 
teaching, and clinical care emanating fiom such departments of surgery has 
been outstanding A new^ generation of suigeons has arisen in this country, 
and the American universities have become the mecca of the surgical world 
One, how’^ever, should not be too enthusiastic in giving all of the credit to this 
full-time system, for there are too man}'^ brilliant exceptions Important con- 
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tnbutions to the science of suigery have been made by the so-called part-time 
surgeon as well as in some of our great surgical clinics where there is no 
undergraduate instruction There also are many departments of surgery 
adhering more or less to the old Germanic S3^stem that could well be envied 
by departments manned by full-time professors The achievements of a great 
individual should not be credited to a system, for he probably would have 
done as well under any of the systems, providing adequate facilities w'ere 
available 

Full-time surgical education undoubtedly has added greatly to the ex- 
pense of conducting a medical school During that period of American life in 
which endowments brought in good returns and in wdiich the wealthy fre- 
quently gave large sums of money to medical schools, this rise in cost, to a 
large part, could be defra3'ed b3^ inciease m income This source of leveniie 
now IS dwindling rapidl3'’ Many schools, therefore, pai ticularl3’’ those that 
are privately endow^ed, are being confronted with the problem of how^ to main- 
tain full-time teacheis m clinical medicine So great is this financial bin den 
that once again the question is arising as to whether or not it is desirable 
that this be done Complicating the situation even further has been the growth 
of group practice systems in this countr3q health and hospital insuiancc 
schemes, and a definite desire on the part of the public to provide bettei medi- 
cine and suigery to more people These complexities make the dilemma being 
drawn now^ almost as great as in the beginning, if not more so The answ'ei 
to this problem is evolving apparently in thiee diffeient directions 

The simplest solution is to abolish full-time departments and institute 
a chair of surgery that carries with it a token salary and allow the professor 
independence in so far as his surgical practice and private income are con- 
cerned Although immediately there wmuld be a conflict between a demand- 
ing private practice and an academic conscience, it is felt by man3'’ that with 
the right type of man occupying the professorial chair this difficulty could lie 
resolved There are those wffio feel that such a scheme would wmrk just as 
w^ell m this country now as it did in German3'^ two generations ago Others 
feel that such a professorship w^uld once again lag too far behind in the sen- 
sitive aw'^areness of those sciences basic to surger3’^ 

Another suggestion that has been made also has an element of simphcit3 
let the federal government finance full-time medical education Tet to inanj' 
this would be not onl3'^ a misuse of public funds but would carr3'^ with it an 
administrative rigiditj^ and administrative obligations that would defeat the 
ver3’^ purpose for wdiich full-time clinical departments w ere established 1 he 
restrictions on academic freedom that so often come with various forms of 
‘'statism’’ are still undesired 113 1113113'^ 

Finally, full-time departments of clinical surgeri can continue to obtain 
wdiatever funds the3’’ can from outside benevolent sources and at the ‘^ann 
time increase the number of private patients seen in order to incrca'^c tlic 
income of the department Such funds could easih be used not onh to snjijiort 
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the salary of the professor of surgery but also to make it possible for many 
younger surgeons interested in a scientific career to stay in academic institu- 
tions for a longer period of time During recent years many good institutions 
in this country have tended toward this latter solution of the problem Whether 
this will be successful or not remains to be seen This, again, is an experiment 
and one that is well worth adequate trial The danger, of course, is one of 
exploitation of the surgeon by the university, for obviously the patients seen 
will not be limited to those of scientific interest as Welch had once hoped This 
exploitation can be limited, even stringently, by the number of private beds 
available Another safeguard will be the fact that if the professor of surgery 
is forced into spending too much of his time in private surgical care the position 
at that university will lose its attraction for men of great scientific bent and 
teaching interests Perhaps a certain amount of exploitation on the part of the 
university may be justified, for a great university gives much to its professor 
of surgery in terms of prestige and renown , and who will deny that the care 
of a few private patients is an enriching experience for the full-time professor ^ 
The solution to the problem of surgical teaching m our universities prob- 
ably should not be a stereotyped one applicable equally to all universities 
It will be necessary for many experiments to be tried in many different 
environments There is little to be gained by giving vent to one’s emotions 
m the solution of these problems, but there is much to be offered in consulta- 
tion between different universities discussing different methods, their problems, 
and their possible solutions The problem will always be a dynamic one and 
will change with the changes in economic and social conditions in our country 

Nathan A Womack 
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